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INTRODUCTION 
In recent years soybeans (Glycine max (L.) Merrill) 
have become an important part of American agriculture. One 
of the major factors contributing to Increased soybean 
acreages has been successful variety development through 
breeding. Soybeans are photoperiod sensitive and therefore 
are adapted to a narrow range of latitude. However varieties 
with different photoperiodic responses have been developed, 
permitting commercial production from southern Canada to 
Louisiana and Florida. The existence of this array of 
varieties attests to the successful utilization of available 
genetic variability by soybean breeders. 
It has been suggested that intense selection in soy­
bean populations may have reduced variability to the extent 
that further progress may be difficult. This is especially 
true in the north central United States where all of the 
present varieties were derived primarily from six plant 
introductions. Germplasm sources of the most common current 
varieties in the North Central Region are presented in Table 
1. Varieties are listed in order of maturity, early to late. 
In addition to yield, maturity and other agronomic 
characters, soybean breeders have been concerned with 
protein and oil content of the seed. Soybean seed typically 
consists of about 40 percent protein and 20 percent oil. 
Both characters are highly heritable, and progress from 
Table 1. Germplasm source of commercial soybean varieties in the North Central 
Region of the United States^  
Commercial Ancestral variety 
variety A. K.^  Dunfleld Manchu Mandarin^  Mukden^  Richland Other® 
Capitol 
Grant 
Merit 
Norchlef 
Traverse 
Renville 
Chippewa 
Hark 
Blackhawk 
X 
X 
X 
X 
X 
X 
X 
X 
A^dapted from Johnson and Bernard (1963). 
I^ntroduction from Manchuria. ' 
C^ountry of origin in parentheses. 
X 
X 
X 
X 
X 
X 
X 
X 
Manitoba 
Brown 
(unknown) 
Seneca 
(Manchuria) 
Seneca 
(Manchuria) 
Flambeau 
(U.S.S.R.) 
ro 
Table 1, (Continued) 
Commercial ^^  Ancestral variety 
variety A. K. Dunfield" Manchu" Mandarin Mukden Richland" Other° 
Monroe 
Harosoy 
Hawkeye 
Lindarin 
Corsoy 
Provar 
Amsoy 
Beeson 
Adams 
Ford 
Shelby 
Lincoln 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
X 
X 
Manitoba 
Brown 
(unknown) 
Tokyo 
(Japan) 
u> 
Table 1, (Continued) 
Commercial Ancestral variety 
variety A. K. Dunfleld Manchu" Mandarin^  Mukden Richland" Other® 
Wayne XX X CNS 
(China) 
Calland X XXX Tokyo 
(Japan) 
Clark XX X PI54610 
(Manchuria) 
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selection can be realized for both. However, commercial 
varieties with greater than 44 percent protein are presently 
not available. There are two reasons why higher protein 
content has not been attained; l) lack of sufficient 
variability and 2) a sufficiently high negative correlation 
between protein and oil to make selection for protein diffi­
cult when attempting to maintain an acceptable oil percent­
age. 
The most widely used and generally most fruitful method 
of increasing genetic variability in plant populations is 
infusion of genes from new introductions of the same species 
through hybridization with existing populations. However, pop­
ulations derived from crosses involving introduced strains can 
be expected to lack the adaptability of existing varieties. 
The problem is one of increasing variability without unduly 
reducing the adaptability that has been built into existing 
populations through selection. A logical solution is to 
increase the amount of adapted germplasm by backcrossing 
exotic X adapted hybrids to the adapted parent, or crossing 
the with a second adapted line. This procedure should 
increase the probability of obtaining well-adapted lines 
with favorable alleles from the exotic source. 
The objectives of this study were: l) to determine 
means and variances for populations derived from 2-way 
adapted x exotic and 3-way (adapted x exotic) x adapted 
6 
crosses; 2) to determine the predictability of population 
means from parental performance; 3) to evaluate the relative 
value of 2- and 3-way populations for the selection of 
superior lines; 4) to investigate the inheritance and inter­
relationship of protein and oil content in populations 
derived from high protein parents; 5) to evaluate the 
effect of selection for protein + oil on the individual 
chemical constituents; and 6) to investigate effects of 
intergenotypic border row competition on population param­
eters. 
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REVIEW OP LITERATURE 
One of the primary objectives of any breeding program 
is the creation of genetic variation upon which selection 
can operate. Although mutation breeding has been used to 
a limited extent, the most common method of creating 
diversity has been hybridization. The longtime effect of 
improvement through cycles of hybridization and selection 
in soybeans has been to narrow the germplasm base and 
thereby decrease the likelihood of further population 
improvement. Harlan (1966) has suggested that the utili­
zation of plant introductions would be valuable in main­
taining genetic variability in populations of crop species. 
This goal may be accomplished through inter- or intraspecific 
hybridization. 
Introgression by Interspecific Hybridization 
Pew studies have been conducted involving interspecific 
hybridization with Glycine max. Williams (1948) and Weber 
(1950) studied crosses between G. max and G. ussuriensis. 
Williams found that chromosomal differences among most 
strains of G. ussuriensis that were hybridized resulted in 
50 percent abortive pollen and ovules in the P^  plants. 
Weber reported reasonably high fertility in P^  hybrids and 
subsequent generations, but some sterility was noted in P2 
populations. Palmer and Hadley (1968) were able to produce 
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sterile hybrids between G. tomentosa and G. tabacina but 
were unable to obtain hybrids of G. max x G. tomentosa or 
G. max X G. tabacina. These three studies were conducted 
for purposes of basic genetic analysis and critical data 
regarding population improvement were not obtained. 
Anderson (1949) discussed introgression as an evolu­
tionary force in nature. He suggested that the most signif­
icant result of interspecific hybridization in nature is 
the introgression of a relatively small amount of genetic 
material from one species into another. Within each 
parental species a genetic complex will have evolved which 
conditions adaptability to its environment. In the segre­
gating generations of a cross between two species, the 
adaptive gene complexes of both parents will be disrupted 
by recombination. Hence, natural selection favors those 
types which carry one or the other of the parental gene 
complexes nearly intact. Nielsen, et , (1965) suggested 
that the interaction of parental gene systems may even be 
lethal. 
Allard (i960) discussed a similar concept which he 
called genetic disability, the tendency for the hybrid 
swarm to be less fit on the average than either of the 
parental types. This phenomenon usually is observed in 
crosses at the subspecies level. Crosses at the species 
level usually result in some degree of sterility in the 
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and later generations which Allard (i960) termed reproduc­
tive incapacity. Stephens (I96I) stated that since geneti­
cally unbalanced segregates often are obtained from inter­
specific crosses, utilization of this method in plant 
breeding programs has been limited largely to incorporation 
of a single gene by backcrossing. However, he suggested 
that interspecific crossing in nature may have been a 
factor in the evolution of American cotton. 
Epllng (1947) found that two species may maintain 
their morphological integrity even if viable, fertile 
hybrids between them can be produced. However, the 
potential gene flow between them may be a survival factor 
if the environment changes drastically. This concept agrees 
with the viewpoints of Anderson (19^ 9) who presented evidence 
that segregates of an interspecific cross were most likely 
to survive in areas where the natural habitat had been 
markedly disturbed, as in areas under cultivation. 
Anderson (1949) showed that the extent of variability 
in the Pg generation of an interspecific cross, while 
striking, may be drastically restricted by linkage. The 
recombinants obtained in the Pg range from types like one 
parent, to those like the Fj, to those like the otner 
parent. He referred to this range of recombinants as the 
"recombination spindle". 
Several other investigators have presented information 
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related to segregation in populations derived from inter­
specific crosses. Donnelly and Clark (1962) found that 
interspecific F]_ hybrids in the genus Vicia had irregular 
pairing at meiosis with 90 percent pollen sterility. They 
reported considerable variability in the F2, but there 
were more parental types than expected on the basis of 
random segregation. Nielsen, ^  aJ., (1965) reported 
similar results in Bromus and also found that reciprocal 
crosses differed in the types of segregates obtained, 
Wallace (1959) presented evidence from subspecies 
crosses in mice that nonrandom association of unlinked 
genes was due to a tendency for the centromeres of the 
same ancestral origin to go to the same pole at the first 
meiotic division. 
Stephens (1950) suggested that speciation in cotton 
may have been due to "cryptic structural differentiation", 
or changes in chromosomal structure which are too small to 
be detected cytologically. He cited as evidence for the 
mechanism the reduced crossing over in hybrids, skewed 
backcross ratios, rapid elimination of foreign genes, and 
block transference of characters resulting from conscious 
selection of only one character. Evidence for a similar 
mechanism in Splanum was presented by Howard and 
Swaminathan (1952). 
Several investigators have indicated that interspecific 
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hybridization might be a useful technique in a breeding pro­
gram. Marani (1963) in Gossypium, and Sriwatanapongse and 
Wilsie (1968) in Medicago, found higher levels of heterosis 
in hybrids between species than in intraspecies hybrids. 
Peters and Newell (1961) reported that the hybrid be­
tween Andropogon gerardi and A. hallii was intermediate 
between the parents, and the Pg population exhibited a 
normal distribution with no marked expression of parental 
types. They suggested that hybridization would be a 
valuable method of population improvement. Allison and 
Starling (1963) suggested that backcross populations from 
hybrids of Phalarls arundlnacea and P. tuberosa might be a 
promising source of breeding material. 
Introgression by Intraspecific Hybridization 
Interspecific crosses are not the only method of 
incorporating exotic germplasm into cultivated varieties. 
The breeder may find it more advantageous to work with plant 
introductions or other genetically diverse material within 
the same species. This is especially true in a crop such 
as soybeans in which relatively few original lines form the 
genetic base of most common varieties. 
Several studies on the use of genetically diverse popu­
lations in maize breeding have been reported. Moll, et al., 
(1962) evaluated variety crosses involving varieties from 
the southeastern United States, midwestern United States, 
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and Puerto Rico, They found that midparent heterosis in­
creased with increasing genetic diversity and suggested 
that divergent crosses may have potential utility in spite 
of poor adaptability of introduced varieties. Moll, et al., 
(1965) found that, within a certain range, heterosis in­
creased as more diverse varieties were crossed, but that 
crosses between extremely diverse varieties exhibited less 
heterosis. They attributed this to genetic imbalance in 
hybrids between extremely diverse populations. 
Patemiani and Lonnquist (1963) found that higher average 
heterosis was obtained in flint x flint and dent x dent 
crosses than in crosses between endosperm types. They 
suggested that enough variability may be present in 
adapted types for high levels of heterosis. 
Timothy (1963) evaluated the use of exotic maize 
populations as breeding material in Columbia. He reported 
that local x exotic crosses produced the highest yielding 
populations, especially when backcrossed to the adapted 
parent. Difficulty had been encountered in obtaining high 
yielding hybrids from inbreds derived from native popula­
tions. He also observed that improved varieties and 
synthetics having exotic background were good sources of 
inbred lines with high combining ability. 
Goodman (1965) evaluated two populations of maize; 
one was a composite of ten adapted inbred lines, and the 
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other a composite of the same ten inbred lines plus six 
exotic varieties. Using a Design I analysis, he found that 
estimates of genetic and additive variance were greater for 
most characters in the broad-based composite. Expected 
gain per cycle of selection for yield was about twice as 
great in the population that included exotic types. 
Brncic (1954) studied populations of Drosophila which 
had third chromosomes derived from flies from various 
localities. He found that hybrids possessing diverse 
third chromosomes were more viable than those with both 
third chromosomes from the same locality. However the in­
creased viability was not evident in the Pg and P^  due to 
recombination. Reduction in viability was greatest when 
both third chromosomes were crossover products. He con­
cluded that an internally balanced gene complex is main­
tained in every local population, and that recombination 
in the progeny of the hybrids resulted in the breakup of 
these favorable epistatic combinations. 
Several studies have been conducted to determine the 
kind of gene action expressed in -wide-cross populations. 
Castro, et a^ ., (1968) evaluated five open-pollinated 
varieties of maize, each from a different racial group. 
They found that additive gene effects were most important 
for days to flower, plant height, and ear number. For 
yield, intravariety dominance effects were the most 
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important source of genetic variation. No evidence for 
heterosis due to epistasis was detected. 
Niehaus and Pickett (I966) evaluated a diallel series 
of five unrelated adapted and three unadapted inbred lines 
of sorghum in the and Pg generations. They found 
significant specific combining ability for all characters 
in the and for 100-seed weight, height, days to 50 per­
cent bloom, and number of leaves in the Pg. The data sug­
gested that epistatic gene action might be important in 
determining heterosis in wide crosses. Malm (1968) con­
ducted a Design II experiment involving four adapted male 
sterile sorghum lines and eight exotic restorer lines. He 
found that general combining ability was larger than 
specific combining ability for all characters, but specific 
combining ability was significant for yield and weight per 
thousand kernels. Nonadditive gene effects were not 
detected for protein or starch content of the grain or for 
seed density. 
Heritability and Character Correlation in Soybeans 
Several studies have been conducted to determine the 
heritability and interrelationship of various characters 
in soybeans. Johnson and Bernard (1963) presented an 
extensive review of these investigations. Although different 
methods have been used for calculating heritability, and 
values are not always consistent across populations, some 
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general trends are apparent. Heritability for yield is 
lower than for most other agronomic traits. Yield is often 
positively associated with maturity, height, and seed size. 
Protein and oil content are highly negatively correlated, 
and high oil and low protein are associated with earliness. 
Correlations among other characters usually are low and 
inconsistent. 
Weber (1950) studied the inheritance of quantitative 
characters in a cross between Glycine max and G. ussurlensis. 
He reported heritability values for seed size, maturity, 
protein content, and oil content of 55, 86, 70, and 60 per­
cent, respectively. 
Genetic and Environmental Factors 
Influencing Protein and Oil Content 
Protein and oil content of the seed is an important 
consideration in the commercial utilization of soybeans. 
Considerable effort has been devoted to the development of 
lines that are high in protein and oil content. Invariably, 
however, protein and oil content have been found to be 
highly negatively correlated (Johnson and Bernard, 1963; 
Johnson, et , 1955; Kwon and Torrie, 1964; Weiss, et al., 
1952; Smith and Weber, 1968; and Pehr and Weber, 1968), 
making simultaneous selection for both characters diffi­
cult. 
Correlations of protein and oil content with other 
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characters usually are less consistent and most often are of 
lower magnitude. Weber (1950) reported that seed size was 
negatively correlated with protein and positively correlated 
with oil. Johnson, et aJ., (1955) found a negative correla­
tion between oil and maturity, while Kwon and Torrie (1964) 
determined that protein content was negatively correlated 
with both yield and maturity. Weiss, ejb (1952) 
reported that maturity was positively correlated with high 
oil and negatively correlated with protein. Seed size was 
not associated with oil or protein content. They also 
showed an association between high oil percentage and high 
mean temperature during the period of seed formation. 
Smith and Weber (I968) and Pehr and Weber (1968) 
reported significant, high correlations between seed 
density (specific gravity) and high protein-low oil. They 
were able to effectively mass select for chemical composi­
tion on the basis of specific gravity of soybean seed. In 
both studies the first cycle of selection was more effective 
than subsequent cycles. Caldwell, e^  aJ., (1966) found that 
selection for yield of protein and oil per unit area was 
most effective when indices involving seed yield were used 
as selection criteria. 
Relationships among protein and nonprotein constitu­
ents of soybean seed were studied by Krober and Cartter 
(1962). They analyzed four seed lots; a high protein lot 
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obtained from high protein lines, two low protein lots 
which were low because of unknown environmental factors, 
and a control lot consisting of 29 varieties composited 
from 15 or more locations. In the high protein lot, about 
1/3 of the decrease in the nonprotein fraction over the 
control lot was in sugars, 1/3 was in oil, and 1/3 was in 
holocellulose and pentosans. In one low protein lot the 
increase in nonprotein constituents relative to the control 
was 1/3 sugars, 1/3 oil, and 1/3 holocellulose and 
pentosans, while in the other lot, the increase was 1/2 
from oil with the rest from the other components equally. 
Singh and Hadley (1968) reported that oil content of 
soybean seed was determined largely by maternal effect 
rather than by the genotype of the seed itself. They 
suggested that this might preclude progress from selection 
of single seeds for high oil content in segregating genera­
tions . 
Gene Action in Soybeans 
Knowledge of the type of gene action influencing 
agronomic characters is of concern in any breeding program. 
In soybeans, gene action has been studied in both hetero­
zygous and homozygous populations. Evaluations with 
heterozygous populations give estimates that are more 
closely analogous to estimates obtained with cross-
pollinated species. Studies with homozygous populations. 
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where genetic variance is partitioned into additive variance 
and additive x additive epistasis, may have more practical 
value in soybeans, a naturally self-pollinated species. 
Results with heterozygous soybean populations have 
tended to give inconsistent results. Weber (1950) reported 
partial dominance for seed size and protein content, while 
maturity and oil were conditioned by additive effects. 
There were indications of epistatic effects in the determi­
nation of protein content. However, this study reported 
results from an interspecific cross in which the parents 
differed widely for these characters. Leffel and Hanson 
(1961) evaluated the results from a diallel and showed 
considerable general combining ability effects for yield, 
maturity, and seed size. Greatest specific effects were 
obtained for maturity and plant height. Neither general 
nor specific effects were significant for protein or oil 
content. Regressions of array covariances on array 
variances showed considerable dominance for yield and 
epistatic effects for protein and oil. Brim and Cockerham 
(1961) evaluated the P^ , and intercrossed genera­
tions in two soybean populations. They found that additive 
genetic variance was much greater than dominance or additive 
X additive variance for nine characters. However, differ­
ences in generation means indicated that some nonadditive 
gene action was expressed. 
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Homer and Weber (1956) developed a model for parti­
tioning the genetic variance of populations of homozygous 
lines into additive, additive x additive, and higher order 
components. They found that the additive component 
explained 96 percent of the genetic variance for maturity. 
Hanson and Weber (1961, 1962) found significant additive 
variance for maturity, height, lodging, seed weight, and 
percent oil. Significant additive x additive variance 
also was found for oil percentage. Neither the additive 
nor the additive x additive component was significant for 
yield. However, the ratio of was O.7O for yield, 
suggesting that epistasis probably is of consequence. Gates, 
ejb a^ ., (i960) evaluated the same populations to estimate 
the importance of linkage in character Inheritance. They 
found indications of linkage for the genes conditioning 
height and yield, but not for genes determining maturity, 
seed weight, lodging, or oil percentage. Hanson, et al., 
(1967) evaluated homozygous lines obtained from a random, 
intermating soybean population. They found considerable 
epistasis for yield and maturity with moderate estimates of 
epistatic effects for lodging and height. Seed size, pro­
tein, and oil were conditioned largely by additive gene 
action. 
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MATERIALS AND METHODS 
Genetic Material 
Homozygous soybean populations containing either 50 or 
25 percent exotic germplasm were evaluated. Random lines 
from six 2-way adapted x exotic and six 3-way (adapted x 
exotic) X adapted populations were tested. The populations 
evaluated are listed in Table 2, and characteristics of the 
parental lines are presented in Table 3. 'Harosoy 63' and 
'AX56P64-1' were chosen for their high yield and agronomic 
desirability. The exotic parents and the adapted parent 
'Provar' were chosen for their high protein content. 
Two-way crosses were made at Ames, Iowa, in 1962 be­
tween the adapted parents Harosoy 63 and AX56P64-1 (the P^ -^
derived maternal line of 'Amsoy'), and each of the three 
exotic parents 'PI31.122', •Pl84.666-1', and 'PI257.435'. 
Two-way P-|L populations were space planted in 1963 and 3-way 
crosses were made by pollinating each 2-way population 
with the high protein adapted parent Provar. A 2-way 
population and its corresponding 3-way population is 
designated as a set. Two-way Pg and 3-way P^  populations 
were grown in 1964. P^  populations in both years were 
harvested in bulk. The 2-way Pg and all subsequent segre­
gating generations were advanced by harvesting four seeds 
per plant and planting 400 random seed of each population 
the following year 'modified single seed descent). Genera-
Table 2, Parentage of populations evaluated and mean maturity of selected lines 
and check varieties 
2-way 
population 
2-way 
parentage 
3-way 
Mean maturity 
of selected 
lines Check varieties 
population Early Late Early Late 
AX221 Harosoy 63 x PI31.122 AX262 9-11 9-18 Chippewa 64 Amsoy 
AX222 " X Pl84.666-1 AX263 9-15 9-24 Hark Wayne 
AX226 " X PI257.435 AX267 9-11 9-18 Chippewa 64 Amsoy 
AX232 AX56P64-1 X PI31.122 AX273 9-12 9-22 Chippewa 64 Amsoy 
AX233 " X Pl84.666-1 AX274 9-17 9-28 Corsoy Wayne 
AX236 " X FI257.435 AX277 9-12 9-21 Chippewa 64 Amsoy 
*3-way parentage = 2-way x Provar. 
Table 3. Parentage and characteristics of parents used in the 2 -  and 3-vjay crosses 
Parent History- Characteristics 
Adapted 
Harosoy 63 
AX56P64-1 
Provar 
Harosoy® x BlacWiav/k 
Adams X Harosoy 
Harosoy x Clark 
Midseason, high yield, average protein and oil 
Midseason, high yield, low protein, high oil 
Midseason, high'yield, high protein, average 
oil 
Exotic 
PI3I.I22 
PI84.666-1 
PI257.435 
Manchuria 
Korea 
Germany 
Early, low yield, high protein, low oil 
Midseason, fair yield, high protein, low oil 
Very early, low yield, high protein, low oil 
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tion advance of all populations was continued until 1967 
(2-way P^ , 3-way In 1967 twenty-five plants of early 
maturity, designated E, and 25 of late maturity, designated 
L, were selected randomly in each population. Early and 
late classifications were relative to the average maturity 
of each set. Mean maturities of the selected early or late 
lines were comparable with the maturity of the early or late 
check varieties presented in Table 2. 
Each selection was increased in a progeny row in Chile 
during the winter of 1967-68 (2-way Fg, 3-way P^ ). The 
parent lines also were grown in Chile to avoid differences 
due to seed source as reported by Pehr and Weber (1968), 
Good seed production was obtained for the lines in all 
populations except AX221-262E, AX222-263E, and AX226-267E. 
Poor productivity of these populations was probably due to 
the field in which the lines were grown rather than to 
genetic inferiority. 
Character Evaluation and Environmental Conditions 
In 1968 the lines were evaluated at the Agronomy Farm, 
Ames, Iowa, and at the Clarion-Webster Experimental Farm, 
Kanawha, Iowa. Soil types were Nicollet silt l^ am and 
Clarion-Webster silt loam, respectively. Three-row plots 
were planted, but data were collected only on the center 
row. Rows were 4.3m long (3m harvested), and there were 
68cm between rows. Approximately 70 seed were planted in 
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the border rows, and 140 seed were planted in the center 
row except for the three sets listed previously where seed 
supplies were limited. For sets AX221-262E and AX222-263E, 
120 seed were planted in the center row, and all borders 
were planted with 70 seed of the respective check variety 
(Table 2). For set AX226-267E there was insufficient seed 
to plant two environments, so the set was planted only at 
Ames with 140 seed in the center row and 70 seed of 
'Chippewa 64' in the borders. Differences in seeding rates 
in various populations were not of sufficient magnitude to 
materially affect performance. 
The Kanawha test was planted on May 27 and the Ames 
test on May 29, 1968. At Kanawha part of the experiment 
was inadvertantly planted in a field which had been treated 
with atrazine two years previously. All plots in this area 
were destroyed by carryover damage. The following materials 
were killed: AX221-262E rep 1, AX222-263E reps 1 and 2, 
AX221-262L rep 1, AX222-263L rep 2, and AX236-277L reps 1 
and 2. 
Rainfall and temperature data for both locations are 
presented in Table 4. In general, conditions were favorable 
for soybean production at both locations, and high yield 
levels (44 bu/a, Ames; 4l bu/a, Kanawha) were attained. A 
hailstorm at Ames on June 30 reduced stands and retarded 
vegetative growth. However, the high yields attained 
Table 4, Mean monthly temperature and precipitation with departures from normal 
for the growing season at Ames and Kanawha, Iowa, I968& 
Temperature (C) 
Ames . Kanawha 
Precipitation (cm) 
Ames Kanawha 
Month Mean Departure" Mean Departure Total Departure Total Departure 
May- 14.2 -2.0 13.0 -2.3 6.12 -4.83 6.40 -4.04 
June 21.8 0.1 21.2 0.4 23.09 9.68 19.58 6.73 
July 22.6 -1.9 21.9 -1.6 5.72 -4.14 11.10 2.41 
Aug 22.3 -0.8 21.7 -0.6 8.46 -1.47 4.80 -5.00 
Sept 17.0 -1.4 16.6 -0.7 10.87 2.59 11.30 3.15 
Mean 19.6 -1.2 18.6 -0.9 Total 54.25 1.83 53.19 3.25 
*Data from the Iowa Section of the Weather Bureau, United States Department 
of Commerce, 
D^eparture from normal calculated as deviations from the mean values for 
the 1931 to i960 period. 
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indicated that subsequent conditions were favorable for 
recovery and renewed growth of the plants. 
The following attributes were measured on a plot 
basis at both locations; 
Seed yield—grams per plot; air dried to uniform 
moisture. 
Maturity—days after August 31; 95-100 percent of 
pods turned bro;m. 
Lodging—scored at maturity; scale ranged from 1 
(plants erect) to 5 (plants prostrate). 
Height--centimeters from ground level to terminal 
node; measured at maturity. 
Canopy width—centimeters at the widest point of total 
leaf spread; recorded at stage 8 (early 
bean filling). 
In addition, the following characters were measured on a 
plot basis at Ames only: 
Seed size—grams per 100 random whole seeds. 
Protein content—percent of dry weight using Kjeldahl 
procedure. 
Oil content--percent of dry weight using nuclear 
magnetic resonance (NMR) procedure. 
Experimental Design and Statistical Procedures 
The experimental design for both locations was a 
split-plot in two replicates with maturity groups as whole 
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plots and 2-, S-way sets (including 25 2-way lines, 25 3-
way lines, three parental lines, and the appropriate check 
variety. Table 2) as subplots. 
Each set-maturity group was analyzed Individually in 
each location and the data were combined over locations 
for those sets in which both replicates were present at 
Kanawha. The following model was assumed for the combined 
analyses : 
Yijkl = u + El + R^ j + Lk + 
+ Gijkl 
where, u = mean 
2^  = i^  ^environment; i = 1 to 2 
replication in the i^  ^environment; j = 
1 to 2 
= k^  ^2-way or 3-way population; k = 1 to 2 
= 1^  ^genotype in the k^  ^population; 1 = 1 to 25 
®ijkl ~ random error. 
Combinations of symbols refer to interactions between main 
effects. Lines were assumed to be a random sample of the 
genotypes present in a population; other effects were 
assumed to be fixed. 
The analysis of variance and expected mean squares for 
a typical set-maturity group are presented in Table 5. 
Analyses for a single environment were similar except that 
Table 5. Analysis of variance and expected mean squares for a typical set-
maturity group 
Source of variation Symbol^  D.P. Expected mean squares* 
Lines G 53 a2 + 
2-way lines G(2) 24 + ®'G{2)XE + 
3-way lines G(3) 24 + Q 2 . Zi 2 G^(3)xE G(3) 
2-way vs. 3-way C 1 + 
^"CX-E ""C 
Check vs. remainder C 1 + 
Parents vs. lines 0" 1 2 n + 2"C"xE + ""C" 
Among parents G(P) 2 .2 + 2 2 2^ 0(P)xE \(P) 
is used to denote variances among genotype; 
C, C, and C" are used to denote variances due to orthogonal comparisons; 
E is used to denote variances involving environmental interactions. 
Table 5. (Continued) 
Source of variation 
2-way lines x En 
3-way lines x En 
Symbol' a 
Lines x environments (En) GxE 
G(2)xE 
G(3)xE 
2-way vs, 3-way x En CxE 
Check vs. remainder x En C'xE 
Parents vs. lines x En 
Among parents x En 
C"xE 
G(P)xE 
Error 
D.P. Expected mean squares* 
53 + 2a: GxE 
24 
24 
'^'g(2)XE 
 ^ 2^ 3(3)xE 
1 
1 + ^ ^^ C'XE 
1 
2 
2 , p 2 
 ^ '^'C"xE 
2 , p 2 
106 
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environmental effects and their interactions were omitted. 
For the Ames environment, the data for lines in a set were 
pooled across maturity groups. This procedure was not 
used at Kanawha because of the missing data. Single 
degree of freedom orthogonal comparisons were used to 
test for differences between all lines and the check, and 
between parents and populations within a set. 
The three sets AX221-262E, AX221-262L, and AX222-263L, 
which were represented by two replicates at Ames and one 
at Kanawha, were analyzed in accordance with the following 
model; 
i^kl = + ^ i + + Gki + Giki 
where u = mean 
= i^  ^replication; i = 1 to 3 
Lj^  = 2-way or 3-way population; k = 1 to 2 
- 1^  ^genotype in the k^  ^population; 1 = 1 to 25 
e^ ki = random subplot error. 
The error term contains genotype x environment interaction 
as well as the usual components of error. The existence 
of genotype x environment interaction would inflate the 
estimate of error variance in this analysis. The main 
effect of environments is confounded with replications. 
Confounding of replication and environmental effects 
present no difficulties in Interpretation of the data. 
The existence of genotype x environment interaction was 
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tested by analyzing the yield data using a format similar 
to that given in Table 5. The error used to test the 
lines X environment interaction was the replications in 
Ames X lines interaction (49 degrees of freedom). None 
of the interaction mean squares for yield approached 
significance for any of the three sets. Since the other 
characters are known to be less subject to genotype x 
environment interaction, it was assumed that the error 
mean square for the three replication model would not be 
seriously inflated by genotype x environment interaction 
for any character. 
Analyses for differences between population means 
were conducted only for Ames. The analysis was designed 
to determine the Importance of the contribution of adapted 
and exotic parents to population performance. Two-way and 
3-way crosses were analyzed separately according to the 
following fixed model: 
Xijkl = u + % + + Aj^  + + ('^ )^kl + jk 
+ + {MAU)j^ 3_ + 
where u = mean 
= i^  ^replication; i = 1 to 2 
Mj = jth maturity group; j = 1 to 2 
Ajç = k^  ^adapted parent in the cross; k = 1 to 2 
U]L = 1^  ^exotic parent in the cross; 1 = 1 to 3 
eij, ®ijkl ~ random error. 
Table 6. Analysis of variance and expected mean squares for population means, 
Ames 
Source of variation Symbol* D.F. Expected mean squares* 
Replications (R) 1 
Maturity groups (MG) 1 
R X MO 1 
Populations P 11 + 4Kp 
2-way P(2) 5 -^ 2 + 
Between adapted (A) A(2) 1 
Among exotic (E) E(2) 2 + ®^ E(2) 
A X E AE(2) 2 
®'P is used to denote population effects; 
A is used to denote adapted parent effects; 
E is used to denote exotic parent effects. 
Table 6. (Continued) 
Source of variation Symbol®' D.F, Expected mean squares®' 
3-way P(3) 5 
A A(3) 1 n2 + 
E 
E X MO 
E(3) 2 rr^  + 
A X E  A E { 3 )  2  
2-way vs. 3-way C 1 
Populations x MG PM 11 + SK? PM 
2-way X MO PM(2) 5 + 2K^  PM(2) 
A X MO AM(2) 1 + 6K? AM(2) 
EM(2) 2 „S r 
is used to denote effects of orthogonal comparisons; 
M is used to denote maturity group interaction effects. 
Table 6. (Continued) 
Source of variation Symbol a D.P. Expected mean squares a 
A X E X MO 
3-way X MO 
A X MG 
E X MO 
A X E X MG 
2-way vs. 3-way x MO 
AEM(2) 
PM(3) 
AM(3) 
EM(3) 
AEM(3) 
CM 
2 + 2K|gj^ 2^j 
^^ PM(3) 
1 + 6KAM(3) 
2 rr^  + 4x2^ (2) 
 ^ ^^ AEM(3) 
a2 + 2KS CM 
Error 22 
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The analysis of variance and expected mean squares for 
population means are presented in Table 6. Partitioning of 
the sums of squares for 2-way and 3-way crosses into variances 
among adapted parents, among exotic parents, and interaction 
is analogous to a Design II analysis for combining ability 
(Comstock and Robinson, 1952). The genetic implications 
herein apply to a random set of homozygous lines derived 
from 2-way and 3-way crosses. The expected mean of a popu­
lation of random lines from a cross is the mean of the 
parents, assuming only additive gene action and no selec­
tion. Since all populations in this study were advanced 
by modified single seed descent and all lines were selected 
randomly, natural and artificial selection were assumed to 
be minimal. Thus, deviations from expectation could be 
attributed largely to nonadditive gene action, or, spe­
cifically for populations of homozygous lines, to additive 
epistatic effects. For the 3-way populations, the effect 
of the common third parent could not be partitioned. Popu­
lation performance relative to both the main effects and 
interactions estimated by the analysis may be influenced 
by the effect of the third parent. 
Estimation of Population Parameters 
Genotypic and phenotypic components of variance and 
covariance were estimated by equating appropriate mean 
squares and cross products to their expectations (Table 5), 
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as given by Allard (i960). For example, pertinent variance 
components for a 2-way or 3-way population across environ­
ments would be estimated as follows; 
af = (o^  -5- 2(70^  + = MS(j/4 
a| = (^ 2 + attgjjE + 4a| -
= (MSQ - MS(}^ )/4 
ixE = + S'QXE - "2)/2 = MSQXE " 
Where G^XE' and are estimates of phenotypic, 
genotypic, genotype x environment, and error variance 
components, and MSq, MS^ ,^ and MS^  represent corresponding 
mean squares. Variance estimates were obtained for each 
2- and 3-way population from individual location analyses 
and from combined analyses, where available. 
Heritability estimates were obtained on a line mean 
basis as the ratio of genotypic to phenotypic variance. 
Since genotypic variance was based on homozygous line 
means, dominance and epistatic effects involving dominance 
were considered negligible, and only additive and additive 
epistatic variance contributed to genetic variance. Thus 
the estimates obtained approached narrow sense heritability. 
Phenotypic and genotypic correlations were obtained 
from their respective covariance and variance components 
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as the ratio: r = (cry)^  "where is the phenotypic 
or genotypic covariance component for characters X and Y, 
2 2 
and and the respective variance components. 
Competition Experiment 
The performance of six genotypes in three border row 
competition environments was evaluated at Kanawha. The 
six lines tested were parental lines (Table 3) of the 
crosses described previously. Each line was grown in three 
competition environments: l) bordered by itself, 2) bordered 
by Chippewa 64, and 3) bordered by Hark. These environments 
corresponded to the types of borders used for various 2 - ,  
3-way sets. Rows were 4.3m long (3m harvested from the 
center row), and there were 68cm between rows. Approxi­
mately 70 and l40 seed were planted in the border and 
center rows, respectively. The field design for the l8 
entries was a randomized complete block with three repli­
cates. Data were taken for yield, maturity, lodging, 
height, and canopy width. 
Two methods were used for analyses of the data (Table 
7). First, a nested classification procedure permitted 
the estimation of genotypic components of variance for 
lines within each competition environment; and secondly, 
analysis as a three by six factorial arrangement provided 
for tests of significance for the genotype x competition 
Table 7. Analyses of variance and expected mean squares for lines in the 
competition study, Kanawha 
Source of variation Symbol®" D.P. Expected mean squares®" 
Nested classification 
Replications 2 
Entries 17 
Lines alone (l) G(l) 5 
Lines in Chippewa 64 (2) G(2) 5 
Lines in Hark (3) G(3) 5 + ^ G^(3) 
1 vs. 2 + 3 C 1 cj^  + 3n^  
2 vs. 3 C 1 nf + Sor, 
Error 34 .2 
G is used to denote variances among genotypes; 
C and C are used to denote variances due to orthogonal comparisons; 
E is used to denote variances due to competition. 
Table 7. (Continued) 
Source of variation Symbol D.F. Expected mean squares 
Replications 
Lines (combined) 
Competitors 
Lines x competitors 
Error 
3 x 6  F a c t o r i a l  a n a l y s i s  
2 
G 5 
E 
GxE 
2 "2 + 3a§^  ^+ 18-2 
+ 3a2 10 
34 a  
GxE ' "^Q 
GxE " ""^ E 
2 
GxE 
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interaction. Components of variance were obtained by 
equating appropriate mean squares to their expectations. 
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RESULTS AND DISCUSSION 
Competition Study 
Pertinent variance components from the analyses of 
variance for the competition study are presented in Table 8, 
and the means for each of the six lines for five characters 
are shown in Table 9. For brevity the lines bordered by 
themselves, Chippewa 64, and Hark are designated competition 
environments 1, 2, and 3, respectively. 
The lines x competitors interaction was significant 
only for yield, and the component of variance was consid­
erably smaller than the component for lines (Table 8). 
Significant differences among lines were detected in each 
competition environment for all characters. For yield and 
canopy width the variances among lines were greater in 
environments 2 and 3 than in environment 1. For maturity, 
lodging, and height, there was a tendency for somewhat 
smaller variances among lines in environments 2 and 3. 
Significant differences among competition environment 
means were detected for yield and maturity (Table 8). Mean 
yield of the six strains was significantly lower in environ­
ment 1 than in environments 2 and 3 (Table 9). Environment 
2 was significantly lower in yield than environment 3. The 
most pronounced effects were exhibited by Provar with a 
yield increase of 13.5 percent for environment 2 and 40.9 
percent for environment 3 relative to the pure stand 
Table 8. Estimates of pertinent variance components for five characters in the 
competition study, Kanawha 
Source of variation D.P. Yield Maturity Lodging Height 
Canopy 
width 
Analysis 1 
Lines alone (l) 5 8357** 61.78** 0.220** 172.21** 13.63* 
Lines in Chippewa 
48.36** 64 (2) 5 13930** 0.119** 172.41** 25.48** 
Lines in Hark (3) 5 22912** 45.63** 0.189** 142.92** 85.85** 
1 vs. 2+3 1 13478** 0.00 0.024 0.00 11.16 
2 vs. 3 1 11994** 4.40** 0.000 0.00 6.22 
Analysis 2 
Lines (combined) 5 13308** 51.78** 0.164** 164.89** 33.52** 
Competitors 2 1830** 0.30* 0.000 0.00 0.09 
Lines X competitors 10 1758* 0.14 0.012 0.00 8.13 
Error 34 3289 1.50 0.062 21.58 25.79 
*'**F-value for corresponding mean square exceeds 5 percent, 1 percent 
probability level, respectively. 
Table 9» Mean performance of six genotypes at three levels of border row 
competition, Kanawha®-
Entry 
Yield^  
(g/plot) Maturity® Lodging^  
Height 
(cm) 
Canopy width 
PI31.122 (i; 
PI31.I22 (2 
PI3I.I22 (3! 
Pl84.666-1 (1; 
PI84.666-1 (2 
PI84.666-1 (3! 
PI257.435 
PI257.435 
PI257.435 
AX56P64-1 
AX56P64-1 
AX56P64-1 
536 (100.0; 
551 (102.8 
527 ( 98.3> 
19 (100.0; 
20 (105.3 
20 (105.3: 
#6 
517 
555 
100.0; 
522 (100.0] 
435 83.3 
493 ( 94.4] 
732 
786 
843 
100.0] 
107.4 
(115.2] 
26 
25 
25 
7 
7 
9 
28 
26 
28 
100.0] 
96.2 
96.2; 
[100.0] 
100.0 
128.6] 
(100.0] 
92.8 
100.0 
2.0 
l : t  
3.2 
2.7 
2.9 
1.8 
1.6 
1.7 
2.1 
1,9 
1.9 
(100.0] 
95.0 
120.0] 
(100.0] 
84.4 
90.6) 
[100.0] 
88.9 
94.4! 
100.0] 
90.5 
90.5] 
®'l = lines bordered by themselves ; 
2 = lines bordered by Chippewa 64 ; 
3 = lines bordered by Hark. 
P^ercent of environment 1 in parentheses. 
®Days after August 31. 
S^cored as 1.0 = plants erect to 5.0 = plants prostrate. 
89 (100.0; 73 (100.0 
87 97.8 67 91.8 
87 : 97.8] 63 : 86.3 
109 100.0' 68 100.0 
104 , 95.4 72 >05.9 
102 , 93.6] 72 105.9 
75 100.0' 62 '100.0 
76 ,101.3 62 100.0 
75 100.0] 62 .100.0 
109 100.0; 70 100.0 
108 , 99.1 '107.1 
108 , 99.1] ?o 114.3 
Table 9. (Continued) 
Entry 
Yleld° 
(g/plot) Maturity® Lodging^  
Height 
(cm) 
Canopy width 
Harosoy 63 (1' 
Harosoy 63 12 
Harosoy 63 (3, 
Provar 
Provar 
Provar 
Mean of 1 
Mean of 2 
Mean of 3 
615 (100.0; 
648 (105.4, 
759 (123.4; 
569 (100.0; 
646 (113.5, 
802 (140.9. 
570 (100.0] 
597 (104.7 
663 (116.3! 
21 (100.0; 
21 (100.0 
22 (104.8' 
26 (100.0; 
25 { 96.2 
25 ( 96.2; 
21 (100.0; 
20 ( 95.2, 
22 (104.8 
2.0 (100.0] 
2.1 (105.0 
1.9 ( 95.0] 
2 . 2  
2.2 
2.0 
100.0] 
100.0 
90.9; 
2.2 (100.0] 
2.1 ( 95.4 
2.1 ( 95.4; 
106 (100.0] 
110 (103.8 
105 ( 99.1, 
i (100.0] 98.9 (101.0 
97 (100.0] 
97 (100.0 
96 ( 99.0; 
72 (100.0] 
75 (104.2, 
77 (106.9, 
75 
87 
70 
71 
73 
100.0] 
102.7 
'116.0; 
100.0] 
101.4 
(104.3! 
L8D< 39 0.2  
C^alculated for environmental means. Probability level = 5 percent. 
45 
(environment l). The late genotypes yielded more in com­
petition with the early varieties Chippewa 64 and Hark, 
while the yield of PI257.435, which was earlier than either 
Chippewa 64 or Hark, was depressed in environments 2 and 3. 
These results suggest that competition response was 
related to maturity. However, factors other than maturity 
also were related to competitive response since Provar 
responded more to environments 2 and 3 than did the later 
line AX56P64-1. Furthermore, Chippewa 64 (environment 2) 
was a stronger competitor than Hark (environment 3) despite 
being about six days earlier in maturity than Hark. The 
differential reaction of the six genotypes to competition 
was reflected in the significant lines x competitors inter­
action for yield and in larger estimates of variance for 
yield and canopy width in environments 2 and 3. 
Effects of competition for characters other than yield 
usually were inconsequential. Mean maturity of the lines 
in environment 3 was significantly later than the mean for 
lines in environment 2. However, a significant interaction 
of lines and competitors was not shown for maturity. For 
canopy width the lines x competitors interaction was not 
significant at the 5 percent level, but there was a trend 
for greater variance among lines in environments 2 and 3 
than in environment 1. This was related to a greater mean 
canopy width for AX56P64-1 and Provar in environments 2 and 
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3 as opposed to environment 1, while the responses for 
other varieties were less pronounced. 
Other studies of intergenotypic competition in soy­
beans have been conducted. Hanson, ^  a^ . (1961) studied 
between row competition in 91, 96, and 102 cm row-widths 
in Maryland. They found that competitive effects were 
highly significant and could materially affect relative 
yield. Competitive effects were additive and no line x 
competitor Interaction was detected. Hartwlg, et a2. (1951) 
found that yield of the southern varieties Ogden and 
Roanoke varied considerably with different borders in 91 
or 102 cm row widths. Maturity was cited as a factor in 
the competition response, and they hypothesized that 
certain unidentified factors also may have affected the 
response. 
Competitive responses among four genotypes were 
evaluated in different intraplot, border row, and between 
hill competition environments by Schutz and Brim (1967) and 
Brim and Schutz (I968). Their data suggested that intraplot 
and between hill competition responses were similar, but 
that extrapolation from hill effects to border row effects 
was not always valid. Using a method devised by Schutz, 
et al. (1968) they found that the yield of varietal blends 
could be predicted from the responses of pure stands of the 
component genotypes under hill plot competition. 
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The results obtained from my experiments suggest that 
the competitive response of a genotype may vary with com­
petition environments. If relative yield in competitive 
versus non-competitive genotypic environments is used as 
the criterion for competitive ability, Provar was a con­
siderably better competitor than the other genotypes in 
competition environment 3, but PL84.666-1 was the best 
competitor in environment 2. Harosoy 63 was a better com­
petitor than AX56P64-1 in environment 3, while AX56P64-1 
exceeded Harosoy 63 for competition response in environment 2. 
Pehr^  evaluated intergenotypic competition in soybean 
variety blends. He found that the yield of Provar was 34 
percent higher when grown under intraplot competition with 
Hark than when grown in pure stand, but the yield of Hark 
was 46 percent less than its pure stand performance when 
grown in competition with Provar. The yield of Amsoy (an 
Pg selection from AX56P64-1) was reduced when grown in com­
petition with Provar but was increased when Chippewa 64 
was the competitor. Thus, the results obtained from my 
competition experiments agreed closely with those conducted 
by Pehr on intraplot competition in blends. 
Sakai (1955) discussed implications of intergenotypic 
competition in estimating genetic variance. He suggested 
P^ehr, W. R., Ames, Iowa. Soybean Blend Study. 
Private communication. 196?. 
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that competition can markedly affect these estimates. In 
my studies the estimates of genetic variance for yield 
were shown to be larger under conditions of intergenotypic 
competition than they were when this competition was not a 
factor. 
My competition study was conducted to determine the 
effect of using Chippewa 64 and Hark as common borders when 
line performance and population parameters were being esti­
mated. The competition environments studied corresponded 
to those used for testing lines from three of the set-maturity 
groups discussed in the remainder of this text. The results 
suggest that line performance may be Influenced by competi­
tion, especially for yield. However, the relatively low 
line X competitors interactions indicate that the rankings 
for line performance may not be greatly biased. Estimates 
of genetic variance to be presented later may be inflated 
for populations where common borders were used. However, 
the bias probably would not be as great as suggested by the 
data in Table 8, since little variability for maturity was 
expected in the 2-way, 3-way populations due to selection 
for common maturity. 
Analysis of Variance 
Nine characters were evaluated in two replicates of 
all 2-, 3-way sets at Ames. Five characters were evaluated 
at Kanawha, but complete data were not available because 
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of the loss of part of the experiment from atrazlne damage. 
Thus, the ensuing discussion necessarily will rely more 
heavily on the Ames than on the Kanawha data. 
Ames analyses 
Analyses of variance for individual set-maturity groups 
and for sets pooled over maturity groups for Ames are 
presented in Tables 10 and 11, respectively. Coefficients 
of variation (CV's) were relatively high, but within the 
range generally considered acceptable, for yield, maturity, 
lodging, height, and canopy width. Damage from the hail 
storm on June 30 probably was responsible for the higher 
than normal CV's. Coefficients of variation were low for 
seed size, protein, oil, and protein + oil. 
Significant variability was detected for all characters 
in most populations as indicated by significant mean squares 
for 2-way and 3-way lines. Throughout the text, when dis­
cussing variability within a 2-way or 3-way population, 
I will refer to the population by its cross designation. 
Two-way crosses are designated by numbers from AX221 to 
AX236, and 3-way crosses are designated by numbers from 
AX262 and AX277. 
The 2-way vs. 3-way comparison reflected the contri­
bution of the third parent (Provar) to average population 
performance. In the pooled analyses most of the 2-way vs. 
3-way mean squares were significant. 
Table 10. Analyses of variance for nine characters in each 
set-maturity group, Ames 
Mean squares 
Source of 
variation D. ,P. Yield Maturity Lodging 
Lines in AX221-262E 53 24276** 22.25** 0.2139* 
2-way lines (AX221E) 24 11653 17.34** 0.2864** 
3-way lines (AX262E) 24 26978** 26.00** 0.1387 
2-way vs. 3-way 1 83175** 1.00 0.0001 
Check vs. remainder 1 64403** 2.23 0.0002 
Parents vs. lines 1 130296** 75.00** 0.5266* 
Among parents 2 40800* 30.50** 0.3050 
Error 53 8723 4.69 0.1219 
CV ^  18.6 21.6 18.4 
Lines in AX222-263E 53 13582** 23.11** 0.3758** 
2-way lines (AX222E) 24 9864** 27.62** 0.3864** 
3-way lines (AX263E) 24 15673** 21.99** 0.2754* 
2-way vs. 3-way 1 8987 3.61 1.7675** 
Check vs. remainder 1 18617* 6.17 0.1065 
Parents vs. lines 1 40928** 23.94** 0.5736 
Among parents 2 19203* 0.17 0.7917 
Error 53 4379 2.71 0.1563 
CV % 11.8 7.2 18.0 
Lines in AX226-267E 53 13583** 21.43** 0.1144* 
2-way lines fAX226E) 24 7254** 21.10** 0.1383* 
3-way lines (AX267E) 24 11616** 9.10** 0.0716 
2-way vs. 3-way 1 191231** 0.02 0.1296 
Check vs. remainder 1 11081 1.04 0.0286 
Parents vs. lines 1 21864** 106.04** 0.0134 
Among parents 2 21420** 151.17** 0.4267** 
Error 53 3056 2.99 0.0708 
CV % 10.3 10.8 14.8 
» P value exceeds 5 percent, 1 percent probability 
level, respectively. 
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Mean squares 
Canopy Seed Protein + 
Height width size Protein Oil oil 
77.97* 127.36** 6.47** 3.02** 1.17** 2.38** 
55.36 85.42 3.95** 1.51** 1.24** 1.75** 
67.56 112.42 6.30** 2.99** 0.67** 2.13** 
204.49* 196.00 46.24** 23.04** 0.10 26.11** 
309.04** 1109.44** 28.57** 3.76** 1.49** 0.51 
520.57** 188.23 0.30 2.54* 0.49 0.80 
74.00 254.17* 10.95** 11.32** 7.30** 2.78** 
43.13 64.92 0.44 0.54 0.21 0.67 
11.3 14.4 3.4 1.7 2.3 1.3 
62.26** 68.99* 3.24** 4.28** 1.12** 1.86** 
39.15 36.79 3.33** 2.92** 0.59** 1.71** 
89.12** 77.62* 1.65** 4.18** 1.03** 1.96** 
43.56 110.25 27.14** 26.94** 12.32** 2.82** 
21.40 55.77 15.60** 7.44** 2.10** 1.63* 
84.05 311.36** 0.01 0.72 0.00 0.80 
36.17 216.67** 4.77** 10.57** 3.10** 2.72** 
32.12 40.69 0.20 0.38 0.10 0.32 
8.4 9.8 2.4 1.4 1.6 0.9 
62.79* 67.38* 4.19** 5.45** 1.88** 1.96** 
80.36** 54.46 5.37** 5.32** 1.62** 1.47** 
34.46 69.50* 2.25** 5.42** 2.08** 2.27** 
16.81 324.00** 17.14** 0.00 3.28** 3.57** 
85.12 196.30* 7.55** 8.96** 2.58** 1.92** 
106.12 17.66 1.13** 1.31 0.41 3.18** 
182.00** 29.17 6.85** 10.47** 2.54** 2.73** 
33.67 38.03 0.14 0.38 0.11 0.30 
10.2 9.8 2.2 1.4 1.6 0.8 
Table 10. (Continued) 
Mean squares 
Source of 
variation D.P. Yield Maturity Lodging 
Lines in AX232-273E 53 
2-way lines (AX232E) 24 
3-way lines (AX273E) 24 
2-way vs. 3-way 1 
Check vs. remainder 1 
Parents vs. lines 1 
Among parents 2 
Error 53 
CV ^  
Lines in AX233-274E 53 
2-way lines (AX233E) 24 
3-way lines (AX274E) 24 
2-way vs. 3-way 1 
Check Vo. remainder 1 
Parents vs. lines 1 
Among parents 2 
Error 53 
CV % 
Lines in AX236-277E 53 
2-way lines (AX236E} 24 
3-way lines (AX277E) 24 
2-way vs. 3-v/ay 1 
Check vs. remainder 1 
Parents vs. lines 1 
Among parents 2 
Error 53 
CV % 
Lines in AX221-262L 53 
2-way lines (AX221L) 24 
3-way lines (AX262L) 24 
2-way vs. 3-way 1 
Check vs. remainder 1 
Parents vs. lines 1 
Among parents 2 
Error 53 
CV ^  
10292* 24.64** 0.2172** 
10295* 19.74** 0.2454** 
11040* 16.87** 0.1426 
10404 1.21 1.6900** 
619 14.3^ ** 0.0541 
7467 279.21** 0.1120 
7466 66.17** 0.1717 
6047 1.78 . 0.0841 
11.7 7.4 15.2 
9884 17.96** 0.4577** 
5943 13.70** 0.6100** 
14240* 19.59** 0.2106 
10878 7.84* 3.0976** 
9016 22.52** 0.0078 
233 80.31** 0.1366 
9662 21.17** 0.6617* 
6616 1.51 0.1501 
12.2 5.6 16.8 
10554** 28.28** 0.1465** 
8253* 17.65** 0.1497** 
12869** 25.25** 0.1662** 
166 33.64** 0.0841 
19338* 12.08* 0.0327 
5378 71.47** 0.024q 
13790* 176.17** 0.0217 
3836 2.98 0.0569 
10.4 9.6 13.2 
11537** 18.96** 0.1880** 
11087** 18.09** 0.2041** 
8748* 10.84** 0.1692* 
33197* 169.00** 0.4225* 
56397** 96.44** 0.0010 
22642* 14.13* 0.2798 
11605 15.50** 0.1516 
4735 2 .41  0.0912 
10.2 7.0 15 .1  
53 
Mean squares 
Canopy Seed Protein + 
Height width size Protein Oil oil 
64.64* 79.74 
42.25 39.58 
54.48 110.33* 
259.21* 272.25* 
219.54* 217.20* 
153.25* 30.38 
236.17** 54.17 
36.36 51.44 
9.4 10.7 
64.59** 90.17** 
65.58* 69.50* 
53.89* 119.79** 
470.89** 121.00 
22.52 34.60 
43.43 72.01 
9.50 4.17 
30.30 37.02 
8.1 8.6 
101.37** 63.68* 
93.48** 57.17 
74.94** 50.50 
56.25 25.00 
195.92** 566.04** 
281.87** 24.96 
398.17** 87.50 
24.91 37.14 
8.6 9.7 
101.71** 97.26** 
82.23 105.75** 
74.27 105.08** 
696.96** 1.00 
394.66** 0.86 
372.60** 34.44 
85.17 29.18 
50.31 31.16 
9.2 7.9 
7.75** 3.94** 
5.83** 2.11** 
7.57** 3.18** 
22.94** 48.16** 
25.06** 3.41** 
1.88** 1.28 
11.61** 14.61** 
0.28 0.34 
2.8 1.3 
5.03** 3.50** 
2.24** 3.28** 
5.06** 1.26** 
65.28** 0.14 
11.48** 21.15** 
1.30* 0.94 
6.52** 27.07** 
0.21 0.40 
2.5 1.4 
5.10** 4.71** 
2.92** 5.43** 
4.28** 3.78** 
53.73** 1.02 
3.84** 2.51* 
3.38** 0.41 
18.15** 12.45** 
0.17 0.38 
2.5 1.4 
6.13** 4.05** 
6.70** 3.71** 
4.74** 2.62** 
1.61* 8.41** 
19.23** 29.77** 
5.31** 1.55* 
12.17** 11.58** 
0.33 0.34 
2.8 1.3 
1.52** 2.22** 
0.96** 0.81** 
1.58** 1.40** 
0.27 55.95** 
0.69** 1.02 
1.73** 0.03 
8.73** 3.88** 
0.09 0.26 
1.4 0.8 
0.89** 1.88** 
0.76** 2.08** 
0.59** 0.93** 
1.08** 0.44 
2.86** 8,46** 
0.13 0.37 
5.38** 9.12** 
0.14 0.39 
1.8 1.0 
1.65** 2.06** 
1.66** 1.76** 
1.55** 1.87** 
5.71** 11.56** 
1.12** 0.28 
0.01 0.54 
1.75** 4.86** 
0.08 0.28 
1.4 0.8 
1.74** 2.90** 
1.26** 2.09** 
0.83** 1.75** 
17.14** 50.84** 
9.03** 6.06** 
0.38 0.17 
7.80** 2.10** 
0.14 0.36 
1.9 0.9 
Table 10. (Continued) 
Mean squares 
Source of 
variation D.F. Yield Maturity Lodging 
Lines in AX222-263L 53 6650 22.65** 0.2314** 
2-way lines fAX222L) 24 5779 23.84** 0.2675** 
3-way lines (AX263L) 24 5484 15.75** 0.0597 
2-way vs. 3-way 1 48929** 5.29 3.8809** 
Check vs. remainder 1 31595* 201.52** 0.2289 
Parents vs. lines 1 999 18.41** 0.2332 
Among parents 2 305 12.67** 0.0350 
Error 53 4928 1.58 0.0731 
CV % 10.8 5.2 12.3 
Lines in AX226-267L 53 9853** 23.41** 0.1571 
2-way lines (AX226L} 24 8710** 26.63** 0.1946 
3-way lines (AX267L) 24 6751* 6.13** 0.0766 
2-way vs. 3-way 1 59438** 6.25 1.5129** 
Check vs. remainder 1 47246** 130.42** 0.1520 
Parents vs. lines 1 2290 35.09** 0.0497 
Among parents 2 21100* 141.50** 0.0517 
Error 53 3268 1.58 0.1231 
CV % 8.9 6.0 16.7 
Lines in AX232-273L 53 11785** 25.21** 0.2027 
2-way lines (AX232L} 24 11402** 22.54** 0.2862* 
3-way lines (AX273L) 24 9478* 22.52** 0.1529 
2-way vs. 3-way 1 27722* 88.36** 0.0841 
Check vs. remainder 1 27965* 51.51** 0.0020 
Parents vs. lines 1 5401 12.06* 0.0884 
Among Parents 2 31202** 51.50** 0.0150 
Error 53 4414 1.78 0.1411 
CV % 9.7 5.8 18.8 
Lines in AX233-274L 53 5642 27.10** 0.1826** 
2-way lines fAX233L) 24 3294 15.57** 0.1423* 
3-way lines (AX274L) 24 7397* 30.08** 0.1525* 
2-way vs. 3-way 1 13783 32.49** 1.6641** 
Check vs. remainder 1 582 61.02*» 0 0000 
Parents vs. lines 1 11915 210.85** 0.2832 
Among parents 2 8088 18.17** 0.3267* 
Error 53 3666 2.12 0.0726 
CV % 8.9 5.2 11.2 
55 
Mean squares 
Canopy- Seed Protein -f 
Height width size Protein Oil oil 
128.65** 
134.07** 
92.42** 
1122.25** 
162.35* 
47.71 
25.17 
37.09 
7.2 
81.74** 
100.91** 
33.87 
33.64 
422.44** 
4.38 
318.50** 
26.12 
7.3 
128.72** 
110.76** 
135.54** 
1.69 
225.85* 
2.34 
340.67** 
38.67 
8.3 
128.10 
118.21 
116.57 
670.81** 
81.02 
333.57 
34.67 
86.75 
10.3 
73.88** 
43.87 
68.62* 
552.25** 
504.89** 
0.26 
79.17 
37.26 
8.2  
88.56** 
98.04** 
86.33** 
2.25 
78.42 
129.51* 
29.17 
29.07 
7.6 
140.18** 
128.04** 
162.50** 
16.00 
6.99 
0.31 
216.67** 
32.21 
8.0 
57.57 
44.08 
55.12 
6.25 
217.20* 
388.38** 
29.17 
45.51 
8.8 
4.06** 
3.22** 
4.35** 
18.40** 
7.78** 
1.34* 
2.94** 
0.21 
2.6 
5.61** 
7.40** 
3.89** 
0.08 
1.76** 
0.34 
11.93** 
0.12 
1.9 
4.93** 
5.36** 
3.66** 
1.12 
22.10** 
0.10 
10.90** 
0.59 
3.9 
5.84** 
3.34** 
6.69** 
44.49** 
4.63** 
0.65 
9.72** 
0.31 
3.1 
3.27** 
3.56** 
1.38** 
8.58** 
17.80** 
0.76 
13.85** 
0.39 
1.4 
7.61** 
7.79** 
6.97** 
3.10** 
24.56** 
0.72* 
10.38** 
0.16 
0.9 
3.35** 
2.35** 
2.59** 
0.69 
21.61** 
1.49* 
17.88** 
0.34 
1.3 
3.85** 
3.04** 
1.90** 
20.34** 
17.11** 
0.87* 
23.48** 
0.21 
1.0 
0.62** 
0.46** 
0.65** 
0.52* 
0.22  
0.34 
2.40** 
0.12 
1.7 
1.60** 
1.27** 
1.68** 
0.10 
6.02** 
0.40* 
3.70** 
0.08 
1.4 
1.75** 
1.24** 
0.95** 
19.62** 
2.45** 
0.02 
9.05** 
0.11 
1 .6  
1.04** 
0.83** 
0.97** 
1.90** 
0.30 
1.16** 
4.42** 
0.09 
1.5 
2.31** 
2.59** 
1.31** 
4.88** 
14.10** 
0.08 
4.96** 
0.33 
0.9 
5.01** 
6.l6** 
4.29** 
4.28** 
6.26** 
0.05 
2.18** 
0.21 
0.7 
2.13** 
1.43** 
1.45** 
27.67** 
9.50** 
1.81* 
2.32** 
0.27 
0.8  
3.21** 
2.01** 
3.48** 
9.80** 
12.85** 
0.02 
7.77** 
0.21 
0.7 
Table 10. (Continued) 
Mean squares 
Source of 
variation D, ,P. Yield Maturity Lodging 
Lines in AX236-277L 53 11023** 27.39** 0.1616* 
2-way lines (AX236L) 24 8439* 15.99** 0.2219** 
3-way lines (AX277L) 24 8984** 18.56** 0.1183 
2-way vs. 3-way 1 29002** 102.01** 0.2809 
Check vs. remainder 1 12619 45.80** 0.0755 
Parents vs. lines 1 25635* 57.36** 0.0136 
Among parents 2 49407** 208.67** 0.0150 
Error 53 3997 2.43 0.0931 
CV % 10.2 6.8 14.5 
57 
Mean squares 
Canopy Seed Protein -
Height width size Protein Oil oil 
162.23** 108.51** 3.86** 5.62** 1.93** 2.09** 
105.39** 111.46** 2.96** 2.96** 1.31** 1.24** 
132.04** 93.75** 3.88** 6.78** 2.36** 2.17** 
449,44** 306.25** 12.53** 6.25** 0.31 3.76** 
367.82** 16.25 1.91 14.35** 3.42** 3.76** 
240.13** 28.66 0.24 7.18** 0.15 9.42** 
921.17** 237.50** 12.76** 18.29** 5.03** 5.92** 
27.14 31.33 0.51 0.24 0.11 0.22 
7.2 8.0 4.2 1.1 1.6 0.7 
Table 11. Analyses of variance for nine characters in six 
sets pooled over maturity groups, Ames 
Mean squares 
Source of 
variation D.F. Yield Maturity Lodging 
Lines in AX221-262 106 18378** 20.60** 0.2010** 
2-way lines (AX.221)  48 11370* 17.72** 0.2452** 
3-way lines (AX262) 48 17863** 18.42** 0.1540 
2-way vs. 3-way 2 58186** 85.00** 0.2113 
Check vs. remainder 2 60400** 49.34** 0.0006 
Parents vs. lines 2 76469** 44.56** 0.4032* 
Among parents 
106 
4 26202** 23.00** 0.2283 
Error 6729 3.55 0.1066 
Lines in AX222-263 106 10116** 22.88** 0.3036** 
2-way lines (AK222)  48 7822* 25.73** 0.3269** 
3-way lines (AX253) 48 10579** 18.87** 0.1675 
2-way vs. 3-way 2 28958** 4.45 2.8242** 
Check vs. remainder 2 25106** 103.84** 0.1677 
Parents vs. lines 2 20964* 21.18** 0.4034* 
Among Parents 4 9754 6.42* 0.4133** 
Error 106 4654 2.14 0.1147 
Lines in AX226-267 106 11718** 22.42** 0.1358* 
2-way lines (AX.226)  48 7982** 23.87** 0.1664* 
3-way lines (AX267) 48 9184** 7.61** 0.0741 
2-way vs. 3-way 2 125334** 3.14 0.8212** 
Check vs. remainder 2 29164** 65.73** 0.0903 
Parents vs. lines 2 12077* 70.56** 0.0315 
Among parents 4 21260** 146.34** 0.2392* 
Error 106 3162 2.28 0.0969 
Lines in AX232-273 106 11038** 24.93** 0.2200** 
2-way lines (AX232)  48 10849** 21.14** 0.2658** 
3-way lines {AX273) 48 10259** 19.70** 0.1478 
2-way vs. 3-way 2 19O63* 44.78** 0.8870** 
Check vs. remainder 2 14292 32.95** 0.0280 
Parents vs. lines 2 6434 145.64** 0.1002 
Among parents 
106 
4 19334* 58.84** 0.0933 
Error 5230 1.90 0.1152 
^ X X 
» F value exceeds 5 percent, 1 percent probability 
level, respectively. 
59 
Mean squares 
Canopy Seed Protein + 
Height width size Protein Oil oil 
89.84** 112.31** 6.30** 3.54** 1.46** 2.64** 
68.80 95.58** 5.32** 2.61** 1.25** 1.92** 
70.92* 108.75** 5.52** 2.80** 0.75** 1.94** 
450.72** 98.50 23.93** 15.73** 8.62** 38.47** 
351.85** 555.15** 23.90** 16.76** 5.26** 3.29** 
446.58** 111.34 2.80** 2.05** 0.44 0.48 
79.58 141.67* 11.56** 11.45** 7.55** 2.44* 
46.72 48.04 0.38 0.44 0.17 0.52 
95.46** 71.44** 3.65** 3.78** 0.87** 2.09** 
86.61** 40.33 3.28** 3.24** 0.52** 2.15** 
90.87** 73.12** 3.00** 2.78** 0.85** 1.64** 
582.90** 331.25** 22.77** 17.76** 6.42** 3.85** 
91.88 280.32** 11.69** 12.62** 1.16** 7.86** 
65.88 155.81* 0.68* 0.74 0.17 0.44 
30.67 147.92** 3.86** 12.21** 2.75** 3.84** 
34.60 38.98 0.20 0.39 0.11 0.32 
72.27** 77.97** 4.90** 6.53** 1.74** 3.49** 
90.64** 76.25** 6.39** 6.56** 1.44** 3.82** 
34.17 77.92** 3.07** 6.19** 1.88** 3.28** 
25.22 163.12** 8.61** 1.55** 1.68** 3.93** 
253.78** 137.36* 4.66** 16.76** 4.30** 4.09** 
55.25 73.58 0.74** 1.02* 0.41* 1.61** 
250.25** 29.17 9.39** 10.43** 3.12** 2.45** 
29.90 33.55 0.12 0.27 0.09 0.25 
96.68** 109.96** 6.19** 3.65** 1.64** 2.18** 
76.51** 83.81** 5.59** 2.23** 1.10** 1.12** 
95.01** 136.42** 5.61** 2.88** 1.27** 1.42** 
130.45* 144.12* 12.03** 24.42** 9.95** 41.81** 
222.70** 112.10 23.58** 12.51** 1.57** 5.26** 
77.80 15.34 0.99 1.38* 0.87** 0.92* 
288.42** 135.42* 11.25** 16.24** 8.89** 3.10** 
37.51 41.82 0.44 0.34 0.10 0.26 
Table 11. (Continued) 
Mean squares 
Source of 
variation D, .P. Yield Maturity Lodging 
Lines in AX233-274 106 7763* 22.53** 0.3202** 
2-way lines (AX233) 48 4618 14.64** 0.3761** 
3-way lines (AX274) 48 10819** 24.84** 0.1816* 
2-way vs. 3-way 2 12330 20.16** 2.3808** 
Check vs, remainder 2 4799 41.77** 0.0039 
Parents vs. lines 2 6074 145.58** 0.2099 
Among parents 4 8875 19.67** 0.4942** 
Error 106 5141 1.82 0.1114 
Lines in AX236-277 106 10789** 27.84** 0.1540** 
2-way lines (AX236) 48 8346** 16.82** 0.1858** 
3-way lines (AX277) 48 10926** 21.91** 0.1422** 
2-way vs. 3-way 2 14584* 67.82** 0.1825 
Check vs. remainder 2 15978* 28.94** 0.0541 
Parents vs. lines 2 15506* 64.42** 0.0192 
Among parents 4 31598** 192.42** 0.0183 
Error 106 3917 2.70 0.0750 
61 
Mean squares 
Canopy- Seed Protein + 
Height width size Protein Oil oil 
96.35** 73.87** 5.44** 3.67** 0.97** 2.54** 
91.90* 56.79* 2.79** 3.16** 0.80** 2.04** 
85.23* 87.46** 5.87** 1.58** 0.78** 2.21** 
570.85** 63.62 54.89** 10.24** 1.49** 5.12** 
51.77 125.90 8.06** 19.13** 1.58** 10.66** 
188.50* 230.20** 0.97* 0.90 0.65** 0.19 
22.08 16.67 8.12** 25.28** 4.90** 8.45** 
58.52 40.93 0.26 0.30 0.12 0.30 
131.90** 86.10** 4.48** 5.17** 1.79** 2.08** 
99.43** 84.31** 2.94** 4.19** 1.48** 1.50** 
103.49** 72.12** 4.09** 5.28** 1.96** 2.02** 
252.84** 165.62** 33.13** 3.64** 3.01** 7.66** 
281.87** 291.14** 2.88** 8.43** 2.27** 2.02** 
261.00** 26.81 1.81** 3.80** 0.08 4.98** 
659.67** 162.50** 15.46** 15.37** 3.39** 5.39** 
26.02 34.23 0.34 0.31 0.10 0.25 
62 
The check vs. remainder mean square was significant in 
most of the analyses for seed size and chemical performance. 
Populations were expected to differ widely from the checks 
for protein and oil content because of the influence of the 
high protein, low oil exotic parents. For the other 
characters, significance of the check vs. remainder mean 
square varied with sets, maturity groups, and characters. 
The among parents mean squares were significant for most of 
the analyses, while the levels of significance for the 
parents vs. lines mean square were highly variable. 
Kanawha analyses 
Analyses of variance for Kanawha are presented in 
Table 12. Coefficients of variation generally were low for 
all characters except lodging. Significant variability 
among lines was detected within each cross-maturity group 
for maturity, lodging, and height, except for lodging within 
AX274E and AX267L. Variability for yield was detected within 
AX233E and all late 2- and 3-way populations except AX233L. 
There was significant variability for canopy width within 
the 2-way populations AX233E and AX226L and within the 3-
way populations AX274E, AX277E, and AX267L. 
Comparisons of particular set-maturity groups (Tables 
10 and 12) indicate that the results from Ames and Kanawha 
were not in complete agreement. In AX226-267L, AX233-274E, 
and AX233-274L there were more significant sources of 
Table 12. Analyses of variance for five characters in six set-maturity groups, 
Kanawha 
Mean squares 
Source of Canopy 
variation D.P. Yield Maturity Lodging Height width 
Lines in AX232-273E 53 5074 28.65** 0.5507** 149.83** 41.23 
2-way lines (AX232E} 24 6099 16.48** 0.4179* 110.45** 30.21 
3-way lines (AX273E) 24 3189 32.15** 0.6489** 136.81** 47.00 
2-way vs. 3-way 1 16358* 1.96 2.4336** 992.25** 1.00 
Check vs. remainder 1 166 5.05 0.4280 208.71** 233.06** 
Parents vs. lines 1 13445 260.20** 0.2977 475.28** 73.36 
Among parents 2 8016 42.00** 0.2117 165.17** 12.50 
Error 53 4016 3.56 0.2313 19.67 30.86 
CV % 10.9 13.5 24.0 5.0 8.3 
Lines in AX233-274E 53 6657** 25.05** 0.3489** 97.45** 64.18* 
2-way lines (AX233E) 24 6384** 17.79** 0.4471** 102.53** 66.96* 
3-way lines (AX274E) 24 4476 29.31** 0.2408 62.27** 69.87* 
2-way vs. 3-way 1 6724 53.29** 0.4225 882.09** 100.00 
Check vs. remainder 1 35173** 0.88 0.0876 7.41 0.44 
Parents vs. lines 1 17848* 101.92** 0.0706 196.37** 9.08 
Among parents 2 16213** 20.67** 0.7017* 62.00 4.17 
Error 53 2915 1.83 0.1610 17.74 35.46 
CV # 8.3 6.4 25.1 4.2 8.5 
*,**? value exceeds 5 percent, 1 percent probability level, respectively. 
Table 12. (Continued) 
Source of 
variation D.P. 
Lines in AX236-277E 53 
2-way lines (AX236e) 24 
3-way lines (AX277E) 24 
2-way vs. 3-way 1 
Check vs. remainder 1 
Parents vs. lines 1 
Among parents 2 
Error 53 
CV % 
Lines in AX226-267L 53 
2-way lines fAX226L) 24 
3-way lines (AX267L) 24 
2-way vs. 3-way 1 
Check vs. remainder 1 
Parents vs. lines 1 
Among parents 2 
Error 53 
CV % 
Mean squares 
Canopy 
Yield Maturity Lodging Height width 
2915 39.28** 0.4789** 234.33** 55.96** 
2082 20.56** 0.3530** 188.26** 39.87 
2819 35.17** 0.6581** 241.46** 52.58* 
5344 40.96** 0.2304 488.41** 100.00 
75 0.21 0.3214 27.81 235.08** 
4038 192.61** 0.0009 187.58** 3.33 
13696* 248.17** 0.2817 701.17** 204.17** 
2857 4.20 0.1189 24.25 26.41 
8 . 9  14.6 19.2 5.5 7.4 
6948** 26.00** 0.1597** 157.93** 64.02** 
5105** 23.94** 0.2450** 150.60** 58.83** 
5375** 9.62** 0.0721 80.23** 65.62** 
40683** 27.04** 0.7056** 1459.24** 169.00** 
27617** 114.06** 0.0000 206,80** 3.42 
33181** 58.93** 0.0178 0.67 0.76 
7631* 186.17** 0.0650 582.17** 116.67* 
2238 1.72 0.0480 17.63 24.82 
7 . 9  6.0 13.7 4.2 6.7 
Table 12. (Continued) 
Mean squares 
Source of Canopy 
variation D.F. Yield Maturity Lodging Height width 
Lines in AX232-273L 
2-way lines (AX232L) 
3-way lines {AX273L) 
2-way vs. 3-way 
Check vs. remainder 
Parents vs. lines 
Among parents 
Error 
CV % 
Lines in AX233-274L 
2-way lines (AX233L) 
3-way lines (AX274L) 
2-way vs. 3-way 
Check vs. remainder 
Parents vs. lines 
Among parents 
Error 
CV % 
53 
24 
5876** 22.57** 0.1874** 110.19** 48.45 
4574** 19.76** 0.1517* 111.14** 45.83 
24 5952** 22.58** 0.2303** 105.54** 47.92 
1 5806 65.61** 0.2209 207.36** 25.00 
1 32608** 37.78** 0.1960 105.20* 27.26 
1 833 0.50 0.0155 71.20* 132.23 
2 9781* 38.17** 0.1667 128.17** 66.67 
53 2045 1.11 0.0834 16.05 35.45 
7.4 4.2 18.0 3.9 8.0 
53 5546* 32.88** 0.1809** 154.06** 43.26 
24 3415 10.83** 0.l4l2** 116.50** 24.71 
24 6255* 44.14** 0.1437** 101.03** 63.04 
1 18605* 176.89** 1.0201** 2361.96** 25.00 
1 17334* 19.37** 0,6289** 252.41** 27.26 
1 2249 218.29** 0.0155 17.80 1.23 
2 11838* 4.50 0.5417** 156.17** 66.67 
53 3259 1.47 0.0480 18.63 40.29 
10.8 3.8 11.0 3.8 8.6 
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variability at Kanawha than at Ames for most characters. 
On the other hand, for yield in AX232-273E and AX236-277E 
there was no significant variability among lines at Kanawha, 
while 2-way and 3-way lines mean squares at Ames were 
significant. 
Combined analyses 
The combined analyses of variance for AX221-262E, 
AX221-262L, and AX222-263L with two replicates at Ames and 
one at Kanawha are given in Table 13. With few exceptions 
the significant sources of variability were the same as in 
the Ames analyses (Table 10). This suggested that performance 
of the lines in these sets at Kanawha was similar to their 
performance at Ames. 
Six set-maturity groups were represented by two repli­
cates in both environments affording computation of combined 
analyses of variance and estimation of genotype x environ­
ment (En) interaction (Table 14). Significant 2-way lines x 
En and 3-way lines x En mean squares reflected inconsist­
encies of line performance in the two locations. Significance 
of the lines x environment mean squares varied with popula­
tions, maturity classifications, and characters. For yield, 
this source of variation was significant for all populations 
except AX232E, AX273E, AX233E, AX274E, and AX233L. Genotype 
X environment interaction for yield was of sufficient 
magnitude to mask genotypic variance in the remaining 
Table 13. Analyses of variance for five characters in three set-maturity groups 
combined, two replicates at Ames, one replicate at Kanawha 
Mean squares 
Source of Canopy 
variation D.P. Yield Maturity Lodging Height width 
Lines in AX221-262E 53 21360** 31.84** 0.2832** 119.79** 127.17** 
2-v/ay lines (AX221E) 24 11195 25.19** 0.3369** 63.66 93.06 
3-way lines (AX262E) 24 20755** 36.72** 0.1915 128.52** 92.36 
2-way vs. 3-way 1 87846** 0.10 0.0712 500.52** 104.17 
Check vs. remainder 1 60152** 1.53 0.0424 262.07* 1447.20** 
Parents vs. lines 1 110446** 146.93** 1.2971** 696.59** 288.92* 
Among parents 2 53413** 26.33** 0.4577* 138.78* 225.00* 
Error 106 7472 3.89 0.1247 39.84 57.27 
Lines in AX221-262L 53 10803** 27.57** 0.2455** 154.38** 76.26** 
2-way lines (AX221L) 24 10401** 26.17** 0.2436** 102.86** 86.30** 
3-way lines (AX262L) 24 6844 16.20** 0.2228** 116.58** 72.56* 
2-v/ay vs. 3-way 1 77384** 238.14** 1.2517** 1215.51** 54.00 
Check vs. remainder 1 28829* 120.94** 0.0008 775.26** 1.41 
Parents vs. lines 1 23792* 17.88** 0.2840 382.15** 1.68 
Among parents 2 14339 33.78** 0.1412 271.44** 86.11 
Error 106 4934 2.52 0.0793 38.71 40.22 
Lines in AX222-263L 53 
24 
8373** 35.71** 0.3584** 206.73** 76.95** 
2-way lines (AX222L) 7213* 39.50** 0.2143 194.84** 59.11 
3-way lines (AX263L) 24 5046 24.22** 0.2019 131.56** 66.58* 
2-way vs. 3-way 1 113878** 3.52 7.4325** 2807.98** 468.18** 
Check vs. remainder 1 27040* 309.44** 0.2507 146.88 472.89** 
Parents vs. lines 1 ,157 25.57** 0.8121 123.90 4.16 
Among parents 2 4243 12.44 0.2533 22.33 58.33 
Error 106 4378 2.44 0.1862 45.64 39.15 
*»**P value exceeds 5 percent, 1 percent probability level, respectively. 
Table 14. Analyses of variance for five characters in six set-maturity groups, 
combined, Ames and Kanawha 
Source of 
variation 
Mean squares 
Canopy 
,p. Yield Maturity Lodging Height width 
9011** 47.59** 0.5502** 178.12** 86.68** 
24 9394* 31.81** 0.5348** 117.21** 50.52 
24 8483* 41.13** 0.4799 153.71** 110.42** 
1 335 3.12 4.0898** 1132.88 153.12 
1 72 18.24* 0.3932 428.18** 450.12** 
1 20475* 539.24** 0.0222 584.15** 99.08 
2 13826 105.58** 0.1508 396.58** 14.58 
6354 5.70** 0.2177 36.35 34.29 
24 7000 4.40* 0.1284 35.49 19.27 
24 5746 7.90** 0.3116** 37.58 46.92 
1 26427* 0.05 0.0338 118.58* 120.13 
1 713 1.20 0.0889 0.07 0.14 
1 437 0.17 0.3875 44.38 4.66 
2 1656 2.58 0.2324 4.75 52.08 
5030 2.67 0.1577 28.01 41.14 
10640** 39.46** 0.5804** 132.47** 108.89** 
24 7386* 28.42** 0.8079** 146.51** 106.81** 
24 11895** 44.97** 0.2370 76.04** 130.14** 
1 249 51.00 2.9000 1320.98** 0.50 
1 39903** 16.15 0.0215 27.88 . 13.62 
1 11082 181.58** 0.2018 212.25** 66.12 
2 24968** 40.75** 1.2775** 59.25 2.08 
Lines in AX232-273E 53 
2-way lines (AX232E) 
3-way lines (AX273E) 
2-way vs. 3-way 
Check vs. remainder 
Parents vs. lines 
Among parents 
Lines x environment (En) 53 
2-way lines x En 
3-way lines x En 
2-way vs. 3-way x En 
Check vs. remainder x En 
Parents vs. lines x En 
Among parents x En 
Error 
Lines in AX233-274E 
2-way lines (AX233E) 
3-way lines (AX274E) 
2-way vs. 3-way 
Check vs. remainder 
Parents vs. lines 
Among parents 
106 
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*,**? value exceeds 5 percent, 1 percent probability level, respectively. 
Table l4. (Continued) 
Mean squares 
Source of Canopy 
variation D.P. Yield Maturity Lodging Height width 
Lines X environment (En) 53 5901 3.56** 0.2263 29.57 45.46 
2-way lines x En 24 4941 3.07** 0.2491 21.60 29.64 
3-way lines x En 24 6821 3.94** 0.2144 40.12* 59.52 
2-way vs. 3-way x En 1 17353 10.13** 0.6201* 32.00 220.50* 
Check vs. remainder x En 1 4286 7.25* 0.0739 2.05 21.42 
Parents vs. lines x En 1 6959 0.65 0.0054 27.55 14.97 
Among parents x En 2 907 1.08 0.0858 12.25 6.25 
Error 106 4765 1.67 0.1555 24.02 36.24 
Lines In AX236-277E 53 5598 62.25** 0.4148** 277.38** 74.99* 
2-way lines (AX236E) 24 3211 32.10** 0.3587** 218.20** 60.42* 
3-way lines (AX277E) 24 7174 56.46** 0.5331* 260.46** 59.89* 
2-way vs. 3-way 1 1812 74.42** 0.0180 438.08 12.50 
Check vs. remainder 1 8499 7.76 0.2797 185.69** 765.34** 
Parents vs. lines 1 9368 249.37 0.0082 464.66** 5.03 
Among parents 2 13892 421.08** 0.1358 1062.33** 152.08 
Lines X environments (En) 53 7871** 5.31 0.2107** 58.32** 44.64 
2-way lines x En 24 7124** 6.10* 0.1440* 63.54** 36.62 
3-way lines x En 24 8513** 4.56 0.2911** 55.93** 43.19 
2-way vs. 3-way x En 1 3698 0.18 0.2965 106.58* 112.50 
Check vs. remainder x En 1 10914 4.53 0.0744 38.04 35.78 
Parents vs. lines x En 1 48 14.71* 0.0176 4.79 23.26 
Among parents x En 2 13594* 3.25 0.1674 37.00 139.58* 
Error 106 3346 3.59 0.0879 24.58 31.78 
Table l4. (Continued) 
Source of 
variation D.F. 
Lines in AX226-267L 53 
2-way lines (AX226L) 24 
3-way lines (AX267L) 24 
2-way vs. 3-way 1 
Check vs. remainder 1 
Parents vs. lines 1 
Among parents 2 
Lines x environments (En) 53 
2-way lines x En 24 
3-way lines x En 24 
2-way vs. 3-way x En 1 
Check vs. remainder x En 1 
Parents vs. lines x En 1 
Among parents x En 2 
Error 106 
Lines in AX232-273L 53 
2-way lines (AX232L) 24 
3-way lines (AX273L) 24 
2-way vs. 3-way 1 
Check vs. remainder 1 
Parents vs. lines 1 
Among parents 2 
Mean squares 
Canopy 
Yield Maturity Lodging Height width 
9463 46.19** 0. 
4777 46.16** 0. 
6894 13.39** 0. 
99235** 29.64** 2. 
73549** 244.20** 0. 
9019 92.49** 0. 
19831** 326.08** 0. 
7338** 3.23** 0. 
9038** 4.41** 0. 
5232* 2.35 0. 
886 3.65 0. 
1314 0.28 0. 
26452** 1.53 0. 
8900 1.58 0. 
2753 1.65 0. 
10258 45.28** 0. 
8407 38.76** 0. 
8358 43.37** 0. 
4077 153.12** 0. 
60484** 88.76** 0. 
5239 8.73* 0. 
35760** 89.08** 0. 
183.11** 107.31** 
196.20** 109.96** 
73.44* 106.19** 
968.00 105.12 
610.19** 57.31 
2.57 75.06 
826.33 131.25** 
56.57** 45.27* 
55.31** 46.92* 
40.67* 45.77* 
524.88** 66.13 
19.05 24.53 
2.48 55.21 
74.33* 14.58 
21.87 26.95 
182.20** 100.10 
160.48** 59.02 
186.10** 144.79** 
85.80 0.50 
319.68** 3.32 
49.69** 59.89 
441.75** 175.00 
2423** 
3321** 
1075 
l400** 
0744 
0634 
0058 
0745 
1074 
0412 
0785 
0776 
0041 
1108 
0855 
2631** 
3498** 
2200* 
0150 
0791 
0890 
0408 
Table l4. (Continued) 
Mean squares 
Source of 
variation D.F. Yield Maturity Lodging Height 
Canopy 
width 
Lines X environments (En) 53 7403** 2.51** 0.1270 56.71** 88.53** 
2-way lines x En 24 7569** 3.54** O.O881 61.42** 114.85** 
3-way lines x En 24 7072** 1.73 0.1631 54.97** 65.62* 
2-way vs. 3-way x En 1 29451** 0.85 0.2900 123.25* 40.50 
Check vs. remainder x En 1 89 0.53 0.1189 11.37 30.93 
Parents vs. lines x En 1 995 3.83 0.0149 23.85 72.65 
Among parents x En 2 5222 0.58 0.1408 27.08 108.33* 
Error 106 3229 1.45 0.1122 27.36 33.83 
Lines in AX233-274L 53 6528** 56.33** 0.2889** 229.47** 64.98* 
2-way lines (AX233L.) 24 3057 23.36** 0.1867** 200.64** 42.19 
3-way lines (AX274L) 24 7878 70.83** 0.2389** 166.40** 78.12* 
2-way vs. 3-way 1 32207** 178.60 2.6450** 2775.12 28.12 
Check vs. remainder 1 12134 74.58** 0.3080 23.71 199.17* 
Parents vs. lines 1 1405 429.11** 0.2156 252.74* 216.69 
Among parents 2 18646** 20.33** 0.8425** 150.75 56.25 
Lines X environments (En) 53 4660 3.66** 0.0746 52.69 35.85 
2-way lines x En 24 3652 3.04* 0.0968 34.06 26.60 
3-way lines x En 24 5773* 3.39* 0.0472 51.20 40.04 
2-way vs. 3-way x En 1 181 30.78** 0.0392 257.65* 3.13 
Check vs. remainder 1 5782 5.81 0.3209* 309.72* 45.29 
Parents vs. lines x En 1 12259 0.00 0.0831 98.63 172.92* 
Among parents x En 2 1278 2.33 0.0258 40.08 39.58 
Error 106 3461 1,80 0.0604 52.69 42.90 
1 
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populations, as indicated by non-significant mean squares 
for the among lines sources of variation. For the other 
characters, genotype x environment interaction frequently 
was statistically significant but seldom was of sufficient 
magnitude to mask genotypic variance. 
Relative parental line performance within a set-
maturity group was less subject to genotype x environment 
interaction than the 2- and 3-way lines. Among parents x 
En was significant only in sets AX236-277E for yield, 
AX226-267L for height, and AX236-277E and AX232-273L for 
canopy width. 
Significance of the 2-way vs. 3-way x En mean square 
indicated inconsistency of relative performance of 2-way 
and 3-way populations in the two environments. For yield 
2-way vs. 3-way x En was significant only for AX232-273E 
and AX232-273L. In AX232-273E the 2-way population was 
higher yielding at Ames (Table 15) while the 3-way mean 
was higher at Kanawha (Table l6). The opposite was observed 
in AX232-273I'. Thus relative 2- and 3-way performance was 
inconsistent over both environments and maturity groups. 
For height, 2-way vs. 3-way x En was significant in all 
set-maturity groups except AX233-274E. This reflected more 
extreme height differences at Kanawha than at Ames. At 
both Ames and Kanawha the 2-way populations were taller 
than 3-way populations. For characters other than yield 
Table 15. Mean agronomie and chemical performance of 2- and 
3-way populations, Ames^  
Yield Height 
Population (g/plot) Maturity" Lodging (cm) 
AX221E 460 17 1.8 59 
AX262E 518 17 1.8 56 
AX221L 659 23 2.0 80 
AX262L 696 20 1.9 75 
AX221X 560 20 1.9 70 
AX262X 607 18 1.8 66 
AX222E 544 23 2.2 68 
AX263E 563 22 2.2 66 
AX222L 625 23 2.4 88 
AX263L 669 24 2.0 82 
AX222x 584 23 2.3 78 
AX263x 616 23 2.1 74 
AX226E 488 16 1.7 57 
AX267E 575 16 1.8 56 
AX226L 616 21 2.2 70 
AX267L 665 21 2.0 69 
AX226x 552 18 2.0 64 
AX267X 620 18 1.9 62 
AX232E 676 18 2.0 65 
AX273E 655 18 1.8 62 
AX232L 667 24 2.0 75 
AX273L 700 22 1.9 75 
AX232X 672 21 2.0 70 
AX273X 678 20 1.8 68 
A^X221 to AX236 = 2-way populations; AX262 to AX277 = 
3-way populations. 
D^ays after August 31. 
S^cored as 1.0 = plants erect to 5.0 = plants prostrate. 
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Canopy width Seed size Protein Oil Protein + oil 
(cm) (g/100) (^ ) (^ ) {%) 
54 18.3 42.9 20.2 63.1 
57 19.7 43.9 20.3 64.2 
71 20.1 44.4 19.5 63.9 
71 20.4 45.0 20.3 65.3 
62 19.2 43.6 19.8 63.5 
64 20.0 44.4 20.3 64.8 
65 17.6 44.8 19.7 64.5 
63 18.7 43.8 20.4 64.2 
76 17.5 44.8 20.0 64.9 
72 18.3 45.4 19.9 65.3 
70 17.6 44.8 19.8 64.7 
68 18.5 44.6 20.2 64.8 
61 16.3 43,6 20.2 63.8 
64 17.2 43.6 20.6 64.2 
71 18.0 44.2 20.1 64.3 
72 17.9 44.5 20.2 64.7 
66 17.2 43.9 20.2 64.0 
68 17.6 44.0 20.4 64.4 
68 18.3 42.5 20.8 63.4 
65 19.2 43.9 20.9 64.9 
70 19.6 44.0 19.8 63.8 
71 19.8 44.1 20.7 64.8 
69 19.0 43.2 20.3 63.6 
68 19.5 44.0 20.8 64.8 
Table 15. (Continued) 
Yield . g Height 
Population (s/plot) Maturity Lodging (cm) 
AX233E 674 22 2.4 70 
AX274E 653 22 2.1 66 
AX233L 670 29 2.6 93 
AX274L 694 28 2.3 87 
AX233X 672 26 2.5 82 
AX274x 674 25 2.2 76 
AX236E 599 lb 1.9 58 
AX277E 597 17 1.8 57 
AX236L 604 22 2.2 70 
AX277L 638 24 2.1 75 
AX236X 602 20 2.0 64 
AX277X 618 20 2.0 66 
X 2-way 607 21 2.1 71 
X 3-way 635 21 2.0 69 
LSD^  11 0.2 0.05 1 
C^alculated for overall means, probability level = 
5 percent. 
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Canopy width Seed size Protein Oil Protein + oil 
(cm) (g/100) (2) (*) (2) 
72 17.3 44.1 20.7 64.8 
70 19.0 44.1 20.9 65.0 
77 17.4 44.5 19.8 64.3 
78 18.7 45.4 19.5 65.0 
74 17.4 44.3 20.2 64.6 
74 18.8 44.8 20.2 65.0 
63 15.8 43.4 20.6 64.0 
62 17.3 43.6 21.1 64.7 
68 16.8 43.4 20.4 63.8 
72 17.5 43.9 20.3 64.2 
66 16.3 43.4 20.5 63.9 
67 17.4 43.8 20.7 64.4 
68 17.8 43.9 20.2 64.0 
68 18.6 44.3 20.4 64.7 
1 0.1 0.1 0.1 0.1 
Table 16. Mean agronomie performance of 2- and 3-v/ay populations, Kanawha^  
Canopy 
Yield Height width 
Population (g/plot) Maturity" Lodging (cm) (cm) 
AX221Ed 519 15 1.8 95 66 
AX262Sd 549 14 1.6 90 65 
AX221L^  526 23 1.9 109 75 
AX262L^  590 21 1.6 103 78 
AX221xd 522 19 1.8 102 70 
AX262xd 570 18 1.6 96 72 
AX222L2 492 26 2.6 120 75 
AX263L° 569 26 2.0 107 74 
AX226L 583 22 1.7 105 72 
AX267L 623 21 1.5 97 75 
AX232E 573 14 2.2 92 66 
AX273E 598 14 1.9 86 66 
AX232L 619 25 1.6 103 74 
AX273L 604 24 1.7 106 74 
AX232X 596 20 1.9 98 70 
AX273X 601 19 1.8 96 70 
®AX221 to AX236 = 2-way populations; AX262 to AX277 = 3~v?ay populations. 
D^ays after August 31. 
S^cored as 1.0 = plants erect to 5.0 = plants prostrate. 
M^ean based on one replicate per line. 
Table 16, (Continued) 
Population 
Yield 
(g/plot) Maturity^  Lodging® 
Height 
(cm) 
Canopy 
width 
(cm) 
AX233E 645 22 1.7 102 69 
AX274E 661 20 1.6 96 71 
AX233L 511 34 2.1 118 73 
AX274L 538 31 1.9 108 74 
AX233X 578 28 1.9 110 71 
AX274X 600 26 1.8 102 72 
AX236E 595 15 1.8 91 68 
AX277E 610 13 1.8 87 70 
X 2-way 562 22 1.9 104 71 
X 3-way 594 20 1.7 98 72 
LSD® 12 0.3 0.1 1 1 
C^alculated for overall means, probability level = 5 percent. 
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and height, there were few significant 2-way vs. 3-way x 
En mean squares. 
Pew Instances of significant check vs. remainder x En 
or parents vs. lines x En mean squares were noted. This 
suggests that each of these comparisons usually gave similar 
results at the two locations. 
Population Mean Analyses 
Population mean analyses were conducted only for the 
Ames data because of the partial loss of material at 
Kanawha (Table 1?). The analysis gave an estimate of the 
variation in population means attributable either to the 
exotic or adapted parents and their interaction in both 2-
way and 3-way crosses. 
Replications and maturity groups differed significantly 
only for lodging (Table 1?) probably because of low precision 
of the F test with only one degree of freedom. 
Significant differences among crosses and among 2- and 
3-way crosses were detected for all characters. Popula­
tion means for Ames have been presented in Table 15 and the 
differences between 2-way and 3-way populations are given 
In Table l8. The 2-way mean was different from the 3-way 
mean for all characters except canopy width. Three-way 
populations tended to be higher yielding, slightly earlier, 
more resistant to lodging, shorter, larger seeded, and 
higher in protein and oil percentage than 2-way populations. 
Table 17. Population mean analyses of variance for nine 
characters, Ames 
Mean squares 
Source of 
variation D. P. Yield Maturity Lodging 
Replications (R) 1 4880 1.11 0.6936* 
Maturity groups (MG) 1 67200 265.55 0.4662* 
Error a (R x MG) 1 3104 7.92 0.0010 
Crosses 11 7819** 23.53** 0.1608** 
2-way 5 11293** 25.53** 0.2156** 
Between adapted (A) 1 41168** 20.35** 0.0580 
Among exotic (E) 2 5755** 52.22** 0.5012** 
A X E 2 1894 1.43 0.0090 
3-way 5 3970** 25.64** 0.0671* 
A 1 10500** 20.54** 0.0345 
E 2 1672 53.12** 0.1282* 
A X E 2 3003* 0.72 0.0222 
2-way vs. 3-way 1 9691** 2.95* 0.3554** 
Crosses x MG 11 4687** 4.93** 0.0213 
2-way X MG 5 7219** 5.94** 0.0373 
A X MG 1 28843** 6.72** 0.0433 
E X MG 2 1625 2.68* 0.0674 
A X E X MG 2 2002 8.80** 0.0043 
3-way X MG 5 2926** 4.88** 0.0075 
A X MG 1 10168** 15.04** 0.0176 
E X MG 2 1232 2.94* 0.0091 
A X E X MG 2 999 1.73 0.0008 
2-way vs. 3-way x MG 1 833 0.13 0.0104 
Error b 22 668 0.59 0.0238 
•X* ** 
' P value exceeds 5 percent, 1 percent probability 
level, respectively. 
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Mean squares 
Canopy Protein 
Height width Seed size Protein Oil + oil 
7.93 152.65 
3255.46 870.40 
233.64 33.34 
156.26** 50.15** 
209.30** 71.83** 
17.68 68.68** 
509.74** 120.65** 
4.68 24.60* 
120.88** 38.44** 
55.51** 57.04** 
274.28** 40.76** 
0.16 26.82* 
67.93** 0.21 
42.36** 15.98** 
29.97** 28.11** 
19.08 113.54** 
41.86** 0.84 
23.52* 12.66 
12.39 6.92 
4.96 6.61 
5.84 1.36 
22.66 12.64 
0.01 0.66 
6.84 4.78 
0.19 0.21 
4.44 7.05 
0.12 0.06 
5.13** 1.03** 
5.01** 1.41** 
1.26** 1.22** 
11.63** 2.90** 
0.26** 0.00 
4.44** 0.54** 
0.09 0.17** 
10.71** 1.10** 
0.34** 0.18** 
9.19** 1.54** 
0.53** 0.39** 
0.68** 0.43** 
0.15* 0.02 
1.50** 0.94** 
0.12* 0.12** 
0.23** 0.39** 
0.04 0.66** 
0.50** 0.59** 
0.04 0.04 
1.33** 0.22** 
0.03 0.02 
0.00 0.21 
2.81 1.08 
0.19 0.02 
0.36** 0.96** 
0.30** 1.00** 
1.04** 0.03 
0.22** 2.46** 
0.02 0.02 
0.32** 0.18** 
0.60** 0.10* 
0.36** 0.38** 
0.14** 0.02 
0.86** 4.69** 
0.23** 0.31** 
0.26** 0.23** 
0.33** 0.60** 
0.28** 0.22** 
0.20** 0.04 
0.25** 0.44** 
0.33** 1.72** 
0.38** 0.24** 
0.08** 0.00 
0.02 0.05 
0.01 0.02 
Table l8. Differences between 3- and 2-way means for all 
characters and sets, Ames^  
Yield Height 
Cross (g/plot) Maturity^  Lodging (cm) 
AX221-262E 58** 0 0.0 -3* 
AX221-262L 37* -3** -0.1* _5** 
AX221-262X 47** _2** -0.1* _4** 
AX222-263E 19 -1 0.0 -2 
AX222-263L 44** 1 -0.4** -6** 
AX222-263X 32** 0 -0.2** _4** 
AX226-267E 87** 0 0.1 -1 
AX226-267L 49** 0 -0.2** -1 
AX226-267X 68** 0 -0.1* -2* 
AX232-273E -21 0 -0.2** -3* 
AX232-273L 33* _2** -0.1 0 
AX232-273X 6 _!** -0.2** -2* 
AX233-274E -21 0.6* -0.3** _4** 
AX233-274L 24 _!** -0.3** -6** 
AX233-274x 2 _!** -0.3** -6** 
AX236-277E - 2 _!** -0.1 -1 
AX236-277L 34** 2** -0.1 5** 
AX236-277X 16 0 0.0 2** 
Average 28** -0.5* -0.1** _2** 
R^ecorded as 3-way (AX262 to AX277) minus 2-way 
(AX221 to AX236). 
D^ays after August 31. 
S^cored as 1.0 = plants erect to 5.0 = plants prostrate. 
* ** 
' Difference significant at the 5 percent, 1 percent 
probability level, respectively. 
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Canopy 
width Seed size Protein Oil Protein + Oil 
(cm) (g/lOO) (^ ) (^ ) (^ ) 
3 1.4** 1.0** 0.1 1.1** 
0 0.3* 0.6** 0.8** 1.4** 
2* 0.8** 0.8** 0.5** 1.3** 
-2 1.1** -1.0** 0.7** -0.3** 
-4** 0.8** 0.6** -0.1* 0.4** 
-2* 0.9** -0.2** 0.4** 0.1 
3** 0.9** 0.0 0.4** 0.4** 
1 -0.1 0.3** 0.1 0.4** 
2* 0.4** 0.1** 0.2** 0.4** 
-3* 0.9** 1.4** 0.1** 1.5** 
1 0.2 0.1 0.9** 1.0** 
-1 0.5** 0.8** 0.5** 1.2** 
-2 1.7** 0.0 0.2** 0.2 
1 1.3** 0.9** -0.3** 0.7** 
0 1.4** 0.5** 0.0 0.4** 
-1 1.5** 0.2 0.5** 0.7** 
4** 0.7** 0.5** -0.1 0.4** 
1 1.1** 0.4** 0.2** 0.5** 
0 0.8** 0.4** 0.2** 0.7** 
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although there were substantial differences in the reactions 
of particular sets. 
The crosses x maturity groups interaction (Table 1?) 
serves as a measure of relative similarity or diversity 
in performance of the early and late maturity groups of a 
cross. This interaction was significant for all characters 
except lodging in the 2-way populations and for all except 
lodging, height, and canopy width in the 3-way populations, 
indicating a dissimilarity of performance for the two 
maturity groups. The 2-way vs. 3-way x MG interaction was 
significant for seed size and protein. For seed size, this 
reflected a larger difference between the 2-way and 3-way 
means in the early maturity groups than in the late groups. 
For protein a larger average difference was observed for 
the late groups than for the early groups. 
Population means for Kanawha have been presented in 
Table 16 and the differences between 2-way and 3-way popula­
tions are presented in Table 19. In general, the trends were 
the same as shown for Ames, with S-way populations tending 
to be higher yielding, more lodging resistant, and shorter. 
At Kanawha the 3-way populations averaged two days earlier 
than the 2-way lines, while at Ames mean maturity of the 
two groups was nearly the same. Differences between 2-way 
and 3-way means for yield were greater at both locations in 
sets which had Harosoy 63 in the parentage (AX221-262, 
AX222-263, and AX226-267) than in sets derived from AX56P64-1. 
Table 19. Differences between 3- and 2-way means for five characters in nine sets, 
Kanawha®-
Canopy-
Yield , Height width 
Cross (g/plot) Maturity" Lodging (cm) (cm) 
AX221-262E^  30 -1 -0.2 -5 -1 
AX221-262Ld 64 -2 -0.3 -6 3 
AX221-262xd 48 -1 -0.2 -6 2 
AX222-263x^  77 0 -0.6 -13 -1 
AX226-267L 40** -1** -0.2** -8** 3** 
AX232-273 25* 0 -0.3** -6** 0 
AX232-273L -15 -1** 0.1 3** 0 
AX232-273X 5 -1** -0.1 -2 0 
R^ecorded as 3-way (AX262 to AX277) minus 2-way (AX221 to AX236). 
D^ays after August 31• 
S^cored as 1,0 = plants erect to 5.0 = plants prostrate. 
N^o test of significance because populations were evaluated in one replicate. 
Table 19. (Continued) 
Canopy-
Yield Height width 
Cross (g/plot) Maturity" Lodging® (cm) (cm) 
AX233-274E 16 -2** -0.1 -6** 2 
AX233-274L 27* 
-3** -0.2** -10** 1 
AX233-274X 22 -2** -0.1 -8** 1 
AX236-277E 15 -2** 0.0 -4** 2 
Average® 32 -2 -0.2 -6 1 
®No test of significance because average difference includes populations 
evaluated in one repllôate. 
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The population means for Ames and Kanawha combined (Table 20) 
show trends similar to those presented for the individual 
locations. 
The higher average yield of the 3-way populations was 
expected, assuming that the exotic parent carried fewer 
favorable alleles than the adapted parents. Three-way 
populations were expected to contain 75 percent adapted 
germplasm compared with 50 percent for 2-way populations. 
Thus, if a gene complex for adaptation existed in the 
adapted parents, the probability of recovering individuals 
with this complex would be higher in segregates from the 
3-way crosses. 
The sums of squares for 2-way and 3-way population 
means were partitioned into three sources of variability: 
(l) between adapted parents (A), (2) among exotic parents 
(E), and AxE interaction. This partition is similar in 
form to a Design II Analysis (Comstock and Robinson, 1952). 
Sums of squares for A and E were calculated from the marginal 
totals for the populations derived from each respective 
parent. Sums of squares for AxE were obtained from repli­
cate totals for each cell. 
Main effects of A and E represent differences in 
prepotency of adapted and exotic parents, respectively. The 
gene action involved with differences in prepotency can be 
additive, additive x additive, or both. Significance of 
Table 20. Mean agronomie performance of 2- and 3-way populations, Ames and 
Kanawha combined^  
Canopy 
Yield , Height width 
Cross (g/plot) Maturity Lodging® (cm) (cm) 
AX221E^  480 16 1.8 71 58 
AX262E° 528 l6 1.8 67 60 
AX221L^  615 23 2.0 90 72 
AX262Ld 660 20 1.8 84 73 
AX22ld 548 20 1.9 80 65 
AX262d 594 18 1.8 76 66 
AX222LJ 581 24 2.5 99 76 
AX263I,d 636 25 2.0 90 72 
AX226L 599 22 2.0 88 72 
AX267L 644 21 1.8 83 73 
A^X221 to AX236 = 2-way populations; 
D^ays after August 31. 
S^cored as 1,0 = plants erect to 5.0 
M^ean based on two replicates, Ames, 
AX262 to AX267 = 3-way populations. 
= plants prostrate. 
one replicate, Kanawha. 
Table 20. (Continued) 
Canopy 
Yield . Height width 
Cross (g/plot) Maturity Lodging^  (cm) (cm) 
AX232E 624 16 2.1 78 68 
AX273E 627 16 1.8 74 66 
AX232L 643 25 1.8 89 72 
AX273L 652 23 1.8 90 72 
AX232 634 20 2.0 84 70 
AX273 640 20 1.8 82 69 
AX233E 659 22 2.0 86 70 
AX274E 657 21 1.8 81 70 
AX233L 590 32 2.4 105 75 
AX274L 616 30 2.1 98 76 
AX233 624 27 2.2 96 72 
AX274 636 26 2.0 90 73 
AX236E 597 16 1.8 75 66 
AX277E 603 15 1.8 72 66 
X 2-way 599 22 2.0 87 70 
X 3-way 625 21 1.8 82 70 
LSD® 10 0.2 0.1 1 1 
C^alculated for overall means, probability = 5 percent. 
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the AxE interaction Indicates the importance of epistasis 
in the determination of population means. A digenic model 
will serve to illustrate this point. Assuming two adapted 
parents of the genie constitution AAbb and AABB, and three 
exotic parents of the constitution aabb, AAbb, and AABB, 
the genotypic arrays after infinite generations of selfing 
in the six possible adapted x exotic crosses approach the 
following : 
AAbb X aabb = 1/2 AAbb -f- 1/2 aabb 
AAbb X AAbb = 1 AAbb 
AAbb X AABB = 1/2 AAbb + 1/2 AABB 
AABB X aabb = 1/4 AABB + 1/4 AAbb + 1/4 aaBB + 1/4 aabb 
AABB X AAbb = 1/2 AABB + 1/2 AAbb 
AABB X AABB = 1 AABB. 
If gene action is additive and values of 3, 2, and 1 are 
assigned to genotypes with 2, 1, and 0 homoygous favorable 
gene pairs, means for the six populations above are 1.5, 
2, 2.5, 2, 2.5, and 3, respectively. The sums of squares 
for A, E, and AxE are 0.375, 1.00, and 0, respectively. If 
complimentary gene action is assumed, and the genotypic 
value of AABB is 3 while all other genotypes are assigned 
values of 1, the means for the six populations above are 1, 
1, 2, 1.5, 2, and 3, respectively. Sums of squares for A, 
E, and AxE are 1.042, 1.750, and O.83, respectively. Thus, 
significance of the AxE interaction reflects the influence 
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of epistasls on differences in population means. However, 
lack of significance of AxE does not negate the possibility 
of epistatic gene action in the populations, since positive 
and negative effects which sum to zero will not be detected. 
The mean squares listed for the A source of variation 
in Table 17 show that 2-way populations derived from Harosoy 
63 differed significantly from those derived from AX56P64-1 
for all characters except lodging, height, and protein + 
oil. Differences in prepotency of exotic parents were 
significant for all characters for the 2-way populations. 
The AxE interaction was significant for canopy width and 
seed size, indicating that differences in 2-way population 
means for these characters may have reflected epistatic 
gene action. 
For 3-way populations, the A, E, and AxE mean squares 
represent the contribution of the 2-way parents to mean 
performance of the 3-way populations. Genes from the third 
parent, Provar, may mask the effects of genes from Harosoy 
63, AX56P64-1, or the exotic parents, or may interact with 
them. Differences between the means of 3-way populations 
derived from Harosoy 63 and AX56P64-1 were significant for 
all characters except lodging and seed size. The performance 
of 3-way populations derived from different exotic parents 
was significant for all characters except yield (Table 17). 
The AxE interaction was significant for yield, canopy width 
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seed size, protein, and oil in the 3-way populations. This 
suggests that epistasis may have been important in deter­
mining 3-way population means for these characters. 
Assuming only additive gene action and no selection 
either during inbreeding or at the time of line selection, 
the mean of a population of random homozygous lines will 
equal the midparent mean. Deviations from expected would 
indicate epistatic effects. Mean performance of parental 
varieties is presented in Table 21, and the observed 2- and 
3-way population means together with values based on mid-
parent means are presented in Table 22. For yield, three 
of the 2-way crosses differed significantly from their mid-
parent value, suggesting that epistatic effects were being 
expressed in these populations. The AxE interaction for 
yield in the 2-way populations (Table 17), however, was non­
significant. The disparity in these results can be explained 
by the tendency of all populations derived from Harosoy 63 
to be lower in yield than the midparent value, while all 
populations derived from AX56P64-1 yielded more than the 
mean of the parents. The two most likely explanations for 
this result are: (l) failure to measure the true yield 
potential of either or both of the parents, or (2) differences 
in prepotency of the two genotypes which were not expressed 
in their yield, per se. Previous knowledge of the performance 
of the lines, and larger differences in yield between them at 
Table 21. Mean performance of parental varieties, Ames and 
Kanawha 
Parent 
Yield 
(g/plot) Maturity^  Lodging^  
Height 
(cm) 
Ames 
PI31.122 
Pl84.666-1 
PI257.435 
522 
599 
470 
17 
21 
9 
2.0 
2.8 
1.8 
60 
76 
48 
Harosoy 63 
AX56P64-1 
662 
671 
22 
28 
2.0 
2.0 
74 
80 
Provar 679 24 1.8 72 
Kanawha 
PI31.122 
Pl84.666-1 
PI257.435 
500 
465 
500 
18 
24 
8 
2.3 
2.5 
1.4 
90 
111 
80 
Harosoy 63 
AX56P64-1 
567 
640 
21 
28 
1.8 
1.7 
115 
111 
Provar 571 24 1.6 99 
a^ys after August 31. 
S^cored as 1.0 = plants erect to 5.C> = plants prostrate. 
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Canopy 
width Seed size Protein Oil Protein -h oil 
(cm) (g/100) (^ ) {%) (^ ) 
60 21.2 46.1 17.9 64.1 
77 17.5 47.6 18.8 66.4 
6l 15.6 46.1 19.2 65.4 
65 17.0 41.8 21.3 63.0 
69 16.2 40.8 22.0 62.8 
72 20.1 44.5 20.6 65.1 
72 
71 
62 
76 
Table 22. Observed 2- and 3-way population means and 
expected performance based on midparent values, 
Ames^  
Population 
Character AX221 AX2b2 AX222 AX263 
Yield 
(g/plot) Obs. 560 
Exp. 588 
d - 28 
Maturity^  
Obs. 20 
Exp. 20 
d 0 
Lodging^  
Obs. 1.9 
Exp. 2.0 
d - 0.1 
Height 
(cm) Obs. 70 
Exp. 68 
d 2 
Canopy 
width Obs. 62 
(cm) Exp. 61 
d 1 
607 584 616 
648 618 665 
-41 - 34 - 49* 
18 23 23 
22 22 24 
-4* 1* _ 1* 
1 . 8  2 . 3  2 . 1  
2 . 0  2 . 2  2 . 0  
-  0 . 2 *  0 . 1  0 . 1  
66 78 74 
68 76 77 
- 2  2  -  3  
64 70 68 
66 72 73 
- 2  -  2  - 5 *  
®'AX221 to AX236 = 2-way populations; AX262 to AX277 = 
3-way populations. 
D^ays after August 31. 
S^cored as 1.0 = plants erect to 5.0 = plants prostrate. 
* 
Observed - expected significant at the 5 percent 
probability level. Considered significant if difference 
exceeded t Qc Vems(l/100 + 1/12) (Snedecor and Cochran, 
1967). 
50* 
18 
16 
2* 
2. 
2.1 
0.1 
64 
62 
2 
66 
64 
2 
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Population 
AX267 AX232 AX273 AX233 AX274 AX236 AX277 
)20 672 678 672 674 602 618 
;39 622 650 646 647 514 584 
19 50* 28 26 27 88* 34 
18 21 20 26 25 20 20 
21 24 24 24 24 18 22 
3* - 3* - 4* 2* 1* 2* - 2i 
1.9 2.0 1.8 2.5 2.2 2.0 2, 
2.0 1.9 1.8 2.5 2.2 2.0 1 
0.1 0.1 0.0 0.0 0.0 0.0 0 
62 70 68 82 76 64 66 
66 72 71 78 76 62 67 
4* - 2 
- 3 4 0 2 - 1 
68 69 68 74 74 66 67 
66 68 72 72 72 64 68 
2 1 - 4 2 2 2 - 1 
Table 22. (Continued) 
Population 
Character AX221 AX262 AX222 AX263 
Seed size 
(g/100) Obs. 19.2 20.0 17.6 18.5 
Exp. 18.9 19.4 17.6 18.7 
d 0.3 0.6* 0.0 - 0.2 
Protein 
(^ ) Obs. 43.6 44.4 44.8 44.6 
Exp. 43.9 44.2 44.9 44.6 
d - 0.3 0.2 - 0.1 0.0 
Oil 
{%) Obs. 19.8 20.3 19.8 20.2 
Exp. 19.7 20.2 19.9 20.2 
d 0.1 0.1 - 0.1 0.0 
Protein 
+ oil Obs. 63.5 64.8 64.7 64.8 
(^ ) Exp. 63.7 64.4 64.8 64.9 
d 0.1 0.4 - 0.1 - 0.1 
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Population 
AX226 AX257 AX232 AX273 AX233 AX274 AX23b AX277 
17.2 17.6 19.0 19.5 17.4 l8.8 l6.3 17.4 
16.4 18.0 19.0 19.8 l6.6 l8.2 15.8 18.2 
0.8* - 0.4* 0.0 - 0.3 0.8* 0.6* 0.5* - 0.8* 
43.9 44.0 43.2 44.0 44.3 44.8 43.4 43.8 
43.6 43.6 43.2 43.8 44.4 44.6 43.8 44.5 
0.3* 0.4* 0.0 0.2 - 0.1 0.2 - 0.4* - 0.7* 
20.2 20.4 20.3 20.8 20.2 20.2 20.5 20.7 
20.2 20.4 20.2 20.4 20.2 20.4 20.8 20.7 
0.0 0.0 0.1 0.4* 0.0 - 0.2* - 0.3* 0.0 
64.0 64.4 63.6 64.8 64.6 65.0 63.9 64.4 
63.8 63.8 63.4 64.2 64.7 65.1 64.5 65.2 
0.2 0.6* 0.2 0.6* - 0.1 - 0.1 - 0.6* - 0.8* 
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Kanawha than at Ames (Table 21) favor the first explanation. 
For maturity, most populations differed from the mid-
parent value. Since lines were selected for maturity this 
result was expected. For lodging, height, and canopy width, 
none of the 2-way populations differed significantly from 
the mean performance of the parents. 
The mean of AX236 deviated from the expected value for 
seed size, protein, oil, and protein + oil. AX226 differed 
from expected for seed size and protein and AX233 differed 
for seed size. These deviations indicate that nonadditive 
gene effects were operative in the determination of popula­
tion means. 
Although deviations from expected occurred, especially 
in populations derived from PI257.^ 35 (AX226 and AX236), the 
relative performance (rank) of the 2-way populations usually 
agreed with the order based on predicted values for all 
characters. Two-way populations involving Harosoy 63 were 
lower yielding, earlier, narrower in canopy width, larger 
seeded, higher in protein, and lower in oil than populations 
involving AX56P64-1. The populations derived from crosses 
with Pl84.666-1 were higher yielding, later, more susceptible 
to lodging, taller, wider, higher in protein, lower in oil, 
and higher in protein + oil than 2-way populations that 
included the other exotic parents. Populations involving 
PI257.435 were lower in yield, earlier, shorter, and higher 
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in oil than the other 2-way populations, while those with 
the PI31.122 parent had the largest seed. 
The 3-way populations showed only one mean that differed 
from the expected value for yield, lodging, height, and canopy 
width. For seed size, protein, and protein + oil means both 
3-way populations derived from PI257.^ 35 (AX267 and AX277) 
differed from the midparent values. Also, the mean of AX262 
differed from the average of the parents for seed size, the 
means of AX273 differed from the midparent value for oil and 
protein + oil, and the AX274 mean for seed size and oil 
diverged significantly from the midparent mean. Although 
these deviations together with instances of significant 
AxE interactions (Table 17) suggest that epistatic effects 
were of consequence in the 3-way populations, relative rank 
of the different 3-way populations usually was predictable, 
as was the performance ranking for 2-way populations. 
Genetic Variance and Heritability 
A prime purpose of making crosses involving exotic 
lines is to increase genetic variability. The vast majority 
of segregates resulting from selfing an adapted x exotic 
cross are expected to be inferior. Successful utilization 
of wide-cross populations in self-pollinated species 
depends on the ability of the plant breeder to select 
superior segregates. 
Two parameters are useful in predicting the fruitful-
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ness of selection within a population; the mean and the 
genetic variance. Selection within a population that has 
both a high mean and high variance would be expected to be 
especially productive. Use of a backcross or multiple cross 
system to increase the amount of adapted germplasm in wide 
crosses would be expected to raise the population mean, but 
lower the genetic variance assuming that the frequency of 
favorable alleles is increased in the process. For example, 
consider a two gene model with only additive gene action 
where the adapted parents in the 2- and 3-way cross are 
both homozygous for the two favorable alleles, and the 
exotic parent is homozygous for the two unfavorable alleles. 
In practice, of course, one would expect to extract favorable 
genes from the exotic parent; this example was chosen for 
simplicity. The respective 2- and 3-way crosses may be 
represented as AABB x aabb and (AABB x aabb) x AABB, After 
infinite generations of inbreeding with no selection, the 
genotypic array of 2-way population approaches 1/4 AABB, 
1/4 AAbb, 1/4 aaBB, and 1/4 aabb. The array for the 3-way 
population is approximately 9/l6 AABB, 3/16 AAbb, 3/16 
aaBB, and l/l6 aabb. If values of 5, 3, and 1 are assigned 
respectively to genotypes with 2, 1, and 0 favorable 
homozygous gene pairs, the population mean is 3 for the 2-
way population and 4 for the 3-way population. Genetic 
variance is 2 for the 2-way and 1.5 for the 3-way popula-
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tiens. This is an oversimplified example, but it serves to 
illustrate the point. 
Estimates of genotypic components of variance for all 
characters are presented individually for Ames and Kanawha, 
and for the combined data in Table 23. At Kanawha variance 
components tended to be smaller for yield and canopy width 
but larger for height than those for Ames. Components from 
the combined analyses were intermediate to or smaller than 
those from the individual environments, depending upon the 
level of genotype x environment interaction. 
Contrary to expectations, genetic variance was not 
consistently greater in 2-way than in 3-way populations for 
any character. For yield and canopy width there was definite 
tendency for larger variance in the 3-way populations. 
The larger genetic variance for yield in the S-way as 
opposed to 2-way populations could be rationalized in several 
ways. One explanation is that either the exotic parents were 
not as divergent from the adapted types in gene content as 
anticipated, or that Provar imparted greater than expected 
diversity to the populations. Presumably none of the exotic 
parents were related to each other or to any of the adapted 
parents. The gene pools of the three adapted parents were 
expected to be somewhat similar since Harosoy was a parent 
in the crosses from which Provar (Harosoy x Clark), AX56P64-1 
(Adams x Harosoy), and Harosoy 63 (Harosoy^  x Blackhawk) 
were selected. In addition to this direct relationship. 
Table 23. Estimates of genotypic components of variance 
for nine characters in 2- and 3-way populations,® 
Ames, Kanawha, and combined® 
Yield Maturity 
Cross Ames Kanawha Comb. Ames Kanawha Comb. 
AX221E 1465 1241 6.32 7.10 
AX262E 9128 4428 10.66 10.94 
AX221L 3176 1822 7.84 7.88 
AX262L 2006 637 4.22 4.56 
AX22I2 2320 1532 7.08 7.49 
AX262° 5567 2532 7.43 7.75 
AX222E 2742 12.46 
AX253E 5647 9.64 
AX222L 426 945 11.13 12.35 
AX263L 278 223 7.08 7.26 
AX222d 1584 11.80 
AX263^  2962 8.36 
AX226E 2099 9.06 
AX267E 4280 3.06 
AX226L 2721 1434 00 12.52 11.12 10.44 
AX267L 1742 1568 4l6 2.28 3.96 2.76 
AX226d 2410 10.80 
AX267d 3011 2.66 
AX232E 2124 1042 598 8.98 6.46 6.85 
AX273E 2496 00 684 7.54 14.30 8.31 
AX232L 3494 1264 210 10.38 9.32 8.80 
AX273L 2532 1954 322 10.37 10.73 10.41 
AX232d 2810 1153 404 9.62 7.89 7.83 
AX273Û 2514 770 503 8.90 12.51 9.36 
N^egative estimates were given a value of zero. 
A^X221 to AX236 = 2-way populations; AX262 to AX277 = 
3-way populations. 
C^ombined estimates for AX221E, AX262E, AX221L, AX262L, 
AX222L, and AX263L based on two replicates, Ames, one 
replicate, Kanawha. 
V^alues obtained from pooled early and late groups. 
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Lodging Height 
Ames Kanawha Comb. Ames Kanawha Comb. 
0.082 0.071 6.1 7.9 
0.008 0.022 12.2 29.6 
0.056 0.055 16.0 22.0 
0.039 0.048 12.0 26.0 
0.069 0.063 11.0 14.7 
0.024 0.035 12.1 27.8 
0.115 3.5 
0.060 28.5 
0.097 0.009 48.5 49.7 
0.000 0.005 27.7 28.6 
0.106 26.0 
0.026 28.1 
0.034 23.3 
0.000 0.4 
0.036 0.098 0.056 37.4 66.5 35.2 
0.000 0.012 0.006 3.9 31.3 8.2 
0.035 30.4 
0.000 2.1 
0.081 0.093 0.094 2.9 45.4 20.4 
0.029 0.209 0.042 9.1 58.6 29.0 
0.072 0.034 0.055 36.0 47.5 24.8 
0.006 0.073 0.014 48.4 44.7 32.8 
0.075 0.064 0.077 19.5 46.5 22.6 
0.016 0.141 0.028 28.8 51.7 30.9 
Table 23. (Continued) 
Canopy width Ames 
Seed Protein 
Cross Ames Kanavàia Comb. size Protein Oil + oil 
AX221E 10.2 
AX262E 23.7 
AX221L 37.3 
AX262L 37.0 
AX2215 23.8 
AX262^  30.4 
AX222E 0.0 
AX263E 18.5 
AX222L 3.3 
AX263L 15.7 
AX2225 0.7 
AX263° 17.1 
AX226E 8.2 
AX267E 15.7 
AX226L 34.5 
AX267L 28.6 
AX226Û 21.4 
AX267^  22.2 
AX232E 0.0 
AX273E 29.4 
AX232L 47.9 
AX273L 65.1 
AX232g 21.0 
AX273 47.3 
11.9 
11.7 
15.4 
10.8 
13.6 
11.2 
6.6 
9.1 
17.0 15.8 
20.4 15.1 
0 . 0  2 . 3  
8.1 15.9 
5 .2  0 .0  
6.2 19.8 
2.4 0.0 
7.2 17.8 
1.76 0.48 
2.93 1.22 
3.18 1.68 
2.20 1.14 
2.47 1.08 
2.57 1.18 
1.56 1.27 
0.72 1.90 
1.50 1.58 
2.07 0.50 
1.54 1.42 
1.40 1.20 
2.62 2.47 
1.06 2.52 
3.64 3.82 
1.88 3.40 
3.14 3.14 
1.48 2.96 
2.78 0.88 
3.64 1.42 
2.38 1.00 
1.54 1.12 
2.57 0.94 
2.58 1.27 
0.52 0.54 
0.23 0.73 
0.56 0.86 
0.34 0.70 
0.54 0.70 
0.29 0.71 
0.24 0.70 
0.46 0.82 
0.17 1.13 
0.26 0.49 
0.20 0.92 
0.37 0.66 
0.76 0.58 
0.98 0.98 
0.60 2.98 
0.80 2.04 
0.68 1.78 
0.90 1.52 
0.44 0.28 
0.74 0.57 
0.56 0.58 
0.42 0.59 
0.50 0.43 
0.58 0.58 
Table 23. (Continued) 
Yield Maturity 
Cross Ames Kanawha Comb. Ames Kanawha Comb. 
AX233E 00 1734 611 6.10 7.98 6.34 
AX274E 3812 780 1268 9.04 13.74 10.26 
AX233L 00 78 00 6.72 4.68 5.08 
AX274L 1866 1498 526 13.98 21.34 16.86 
AX2333 00 906 231 6.41 6.33 5.70 
AX274G 2839 1139 897 11.51 17.54 13.56 
AX236E 2208 00 00 7.33 8.18 6.50 
AX277E 4516 00 00 11.14 15.78 12.98 
AX236L 2221 6.78 
AX277L 2494 8.06 
AX236d 2214 7.06 
AX277^  3504 9.60 
Pooled 
2-way 1846 861 00 8.80 7.96 7.34 
Pooled 
3-way 3400 895 480 8.09 13.30 10.26 
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Lodging Height 
Ames Kanawha Comb. Ames Kanawha Comb. 
0.230 0.143 0.140 17-6 42.4 30.6 
0.030 0.040 0.006 11.8 22.3 9.0 
0.035 0.047 0.022 15.7 48.9 37.0 
0.040 0.048 0.047 14.9 41.2 28.4 
0.132 0.095 0.081 16.7 45.7 33.8 
0.035 0.044 0.028 13.4 31.7 18.9 
0.046 0.117 0.054 34.3 82.0 38.7 
0.055 0.270 0.060 25.0 108.6 51.1 
0.064 39.1 
0.013 52.4 
0.055 36.7 
0.034 38.7 
0.079 0.089 0.073 23.4 55.5 32.0 
0.021 0.032 20.5 51.1 
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Table 23. (Continued) 
Canopy width Ames 
Seed Protein 
Cross Ames Kanawha Comb. size Protein Oil + oil 
AX233E 16.2 15.8 17.6 1.02 1.44 0.31 0.84 
AX274E 41.4 17.2 17.7 2.42 0.43 0.22 0.27 
AX233L 0.0 0.0 0.0 1.52 1.42 0.37 0.90 
AX274L 4.8 11.4 8.8 3.19 0.84 0.44 1.64 
AX233^  7.9 4.0 8.7 1.26 1.43 0.34 0.87 
AX274d 23.3 14.3 13.6 2.80 0.64 0.33 0.96 
AX236E 10.0 6.7 6.0 1.38 2.52 0.79 0.74 
AX277E 6.7 13.1 4.2 2.06 1.70 0.74 0.80 
AX236L 40.1 1.22 1.36 0.60 0.51 
AX277L 31.2 1.68 3.27 1.12 0.98 
AX236â 25.0 1.30 1.94 0.69 0.62 
AX277^  18.9 1.88 2.48 0.93 0.88 
Pooled 
2-way 16.6 6.1 6.5 2.05 1.66 0.49 0.89 
Pooled 
3-way 26.5 12.7 13.7 2.12 1.62 0.56 0.88 
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Mandarin (Ottawa) appears in the pedigree of Clark, and A. K. 
2 in the pedigree of Harosoy. On the other hand, the Lincoln 
X Richland cross from which Clark was derived, and the 
Mandarin and A. K. varieties have been rich sources of 
genetic variability in soybean breeding. Provar, resulting 
from a cross of these sources, could have obtained a genie 
constitution widely divergent from Harosoy 63 or AX56P64-1. 
Thus Provar itself might be a potent source of genetic 
variability, explaining the larger variance of S-way popu­
lations . 
Leninger (1959) found that genetic variance for grain 
yield in oats was not reduced by one-half in each generation 
as expected with a backcrossing system. He offered two expla­
nations which are pertinent to my study. First, the rela­
tively small populations that he used may not have adequately 
sampled the total diversity of the population. In my experi­
ments 50 lines were sampled from each of six 2-way and six 
3-way populations. This sample may not have been large 
enough to truly represent the population variability. How­
ever, the relative consistency of the larger variability 
in the 3-way populations argues against this explanation. 
Leninger also suggested that deviations from expected reduc­
tions in variability could result from either nonadditive 
gene action or linkage. Nonadditive interactions of Provar 
genes with genes present in the 2-way crosses could have 
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contributed to the larger genetic variances of my 3-way 
populations. 
In certain circumstances linkage could cause larger 
genetic variances in S-way as opposed to 2-way populations. 
Assuming additive gene action and equal effects of alleles 
at each locus in a digenic model, linkage would cause a 
larger variance in the 3-way population only if the genes 
were in repulsion phase in the 2-way cross and in a 
coupling type of linkage in the third parent. The expected 
genotypic frequencies for the first four segregating genera­
tions of six types of crosses, assuming two linked genes 
with 10 percent crossing over, were determined. The 
expected frequencies are presented in Table 24. 
Arbitrary values of 5, 4, 3, 2, and 1 were assigned to 
genotypes with 4, 3, 2, 1, and 0 favorable alleles. The 
arbitrary values were then multiplied by the respective 
genotypic frequencies in the fourth segregating generation 
to calculate hypothetical genetic variances for various 
types of crosses. The hypothetical values are presented 
in Table 25. The highest variance was obtained for the 2-
way population in which coupling phase linkage is indicated 
for the parents. The values in the table show that if 
linked genes are in coupling phase in the 2-way cross, 
genetic variance will be higher in the 2-way than In the 
•"11 
Table 24. Array of expected genotypic frequencies for 2-
and 3-way crosses assuming a digenic model with 
coupling or repulsion phase linkage, 10 percent 
crossing over 
Segregating generation 
Genotype 1st 2nd 3rd 4th 
Frequency in 2-way cross, coupling phase. — x — 
ABAB .16 .2514 .3015 .3283 
ABAb .08 .0672 .0428 .0245 
ABaB .08 .0672 .0428 .0245 
ABab .32 .1028 .0331 .0107 
AbAb .01 .0564 .0930 .1157 
AbaB .02 .0128 .0061 .0026 
Abab .08 .0672 .0428 .0245 
ABaB .01 .0564 .0930 .1157 
ABab .08 .0672 .0428 .0245 
abab .16 .2514 .3015 .3283 
Frequency in 2-way cross, repulsion phase. — x — 
Ab aB 
ABAB .01 .0564 .0930 .1157 
ABAb .08 .0672 .0428 .0245 
ABaB .08 ,0672 .0428 .0245 
ABab .02 .0128 .0061 .0026 
AbAb .16 .2514 .3015 .3283 
AbaB .32 .1028 .0331 .0107 
Abab .08 .0672 .0428 .0245 
aBaB . 16 .2514 .3015 .3283 
aBab .08 .0672 .0428 .0245 
abab .01 .0564 .0930 .1157 
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Table 24. (Continued) 
Segregating generation 
Genotype "1st 2nd 3rd 4th 
Frequency In 3-way cross, coupling phase. {— x —I x — |_AB abj AB 
ABAB .4 .514 .5756 .606l 
ABAb .1 .082 ,0519 .0296 
ABaB .1 .082 .0519 .0296 
ABab .4 .128 .0411 .0133 
AbAb - .029 .0601 .0810 
AbaB - .008 .0051 .0025 
Abab - .032 .0269 .0171 
aBaB - .029 .O6OI .O8IO 
aBab - .032 .0269 .OI71 
abab - .064 .1006 .1206 
Frequency in 3-way cross, repulsion phase.  ^x — x — 
J^ Ab &B\ Ab 
ABAB - .029 .0601 .0810 
ABAb .1 .082 .0519 .0296 
ABaB - .082 .0519 .0296 
ABab - .008 .0051 .0025 
AbAb .4 .514 .5756 .6061 
AbaB .4 .128 .0411 .0133 
Abab .1 .032 .0269 .0171 
aBaB - .064 .IOO6 .1206 
aBab - .032 .0269 .O171 
abab - .029 .0601 .O81O 
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Table 24. (Continued) 
Segregating generation 
Genotype -"îst 2nd 3rd StE 
Frequency in 3-'way, 2-way coupling, 3rd parent repulsion. 
lAB X âkl X — [AB abj Ab 
ABAB .101 .1556 .1843 
ABAb A .208 .1067 .0543 
ABaB - .008 .0067 .0043 
ABab — .002 .0013 .0006 
AbAb .1 .316 .4251 .4802 
AbaB .1 .032 .0103 .0033 
Abab A .208 .1067 .0543 
aBaB - .016 .0251 .0302 
aBab - .008 .0067 .0043 
abab - .101 .1556 .1843 
Frequency in 3-way cross, 2-way repulsion, 3rd parent coupling. 
ABAB .1 .316 .4251 .4802 
ABAb .4 .208 .1067 .0543 
ABaB .4 .208 .1067 .0543 
ABab .1 .032 .0103 .0033 
AbAb - .101 .1556 .1843 
AbaB - .002 .0013 .0006 
Abab - .008 .0067 .0043 
aBaB - .101 .1556 .1843 
aBab - .008 .0067 .0043 
abab - .016 .0251 .0302 
Table 25. Hypothetical values for genetic variances in the fourth segregating 
generation for 2- and 3-vJay crosses assuming a digenic model with 
coupling or repulsion phase linkage, 10 percent crossing over 
Cross 
Genetic 
variance Cross 
Genetic 
variance 
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3-way population regardless of the linkage phase- in the 
third parent. On the other hand, if linked genes were in 
repulsion in the 2-way and in coupling in the third parent, 
genetic variance would be higher in the 3-way population. 
Admittedly this portrays a simplified situation, but it 
serves to show that under some circumstances linkage, even 
with only additive gene action, could have caused higher 
genetic variances in the 3-way populations. 
Differential response of the 2-way and 3-way popula­
tions to intergenotypic competition from Chippewa 64 or 
Hark border rows could have been another possible cause for 
the larger variances for yield in the 3-way populations. 
Results from the competition study discussed previously 
indicated that estimates of genetic variance were inflated 
in either of these competition environments. Lines from 
set-maturity groups AX221-262E and AX226-267E were evaluated 
with Chippewa 64 as common borders, and Hark was used for 
all border rows in set-maturity group AX222-263E. A 
tendency for more pronounced differences in competitive 
response among 3-way than among 2-way lines under inter­
genotypic competition would be reflected in higher genetic 
variances in the 3-way populations. In sets AX221-262E, 
AX222-263E, and AX226-267E variance components were larger 
for 3-way than for 2-way populations, while in the late 
maturity groups of these populations, in which lines 
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were bordered by themselves, there was a tendency for 
larger variance estimates in the 2-way populations. These 
results would suggest that lines from 3-way populations 
may have exhibited more variability in their response to 
intergenotypic competition than lines from 2-way popula­
tions. However, in sets AX232-273E, AX233-274E, and 
AX236-277E, in which lines were bordered by themselves, 
variance components were larger for 3-way than for 2-way 
populations. Thus in all early set-maturity groups variance 
estimates were larger for 3-way than for 2-way populations. 
Among the late set-maturity groups, 3-way variance com­
ponents were larger than 2-way components only in AX233-
274L and AX236-277L. These results suggest that the 
diversity in the magnitude of 2-way and 3-way variances 
between the early and late groups in sets AX221-262, AX222-
263, and AX226-267 probably were related more to differential 
responses of maturity groups than to effects of border row 
competition. 
Heritability ratios are of value in conjunction with 
estimates of genetic variance, since they represent the 
proportion of phenotypic variance attributable to genetic 
effects. Heritability values for Ames and Kanawha, and for 
the combined data (Table 26) were calculated as H^  = 
p p 
rr^ fTp. The values may overestimate the true heritability 
for individual environments since the method of calculation 
Table 26. Heritability estimates in percentage for nine 
characters in 2- and 3-way populations,& Ames, 
Kanawha, and combined^  
Yield Maturity 
Cross Ames Kanawha Comb. Ames Kanawha Comb. 
AX221E 25.1 33.2 73.0 84.6 
AX262E 67.7 64.0 82.0 89.4 
AX221L 57.3 52.5 86.7 90.4 
AX262L 45.9 27.9 77.8 84.4 
AX221C 40.8 42.6 78.0 87.5 
AX262C 62.3 55.0 80.7 87.9 
AX222E 55.6 90.2 
AX263E 72.1 87.7 
AX222L 14.7 39.3 93.4 93.8 
AX263L 10.1 13.2 90.0 89.9 
AX222C 40.5 91.7 
AX263C 56.0 88.6 
AX226E 57.9 85.8 
AX267E 73.7 67.1 
AX226L 62.5 56.2 0.0 94.1 92.8 90.4 
AX267L 51.6 58.4 24.1 74.2 82.2 82.4 
AX226C 60.4 90.4 
AX267C 65.6 70.0 
AX232E 41.3 34.2 25.5 91.0 78.4 86.2 
AX273E 45.2 0.0 32.3 89.4 88.9 80.8 
AX232L 61.3 55.3 10.0 92.1 94.4 90.9 
AX273L 53.4 65.6 15.4 92.1 95.1 Q6.0 
AX232C 51.8 43.2 18.1 91.0 87.1 88.7 
AX273C 49.0 33.7 23.9 90.4 91.4 88.6 
A^X221 to AX236 = 2-way populations; AX262 to AX277 = 
3-way populations. 
C^ombined estimates for AX221E, AX262E, AX221L, AX262L, 
AX222L, and AX263L based on two replicates, Ames, one 
replicate, Kanawha. 
V^alues obtained from pooled early and late groups. 
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Lodging Height 
Ames Kanawha Comb. Ames Kanawha Comb. 
57.4 63.0 22.1 37.4 
12.1 34.8 36.2 69.0 
55.3 67.4 38.8 63.1 
46.1 64.4 32.3 66.8 
56.5 64.8 32.1 52.8 
30.8 50,7 34.1 67.9 
59.5 18.0 
43.2 64.0 
72.7 13.0 72.3 76.6 
0.0 7.7 59.9 65.3 
64.9 60.0 
31.5 61.9 
48.8 58.1 
1.1 2.3 
36.7 80.4 67.6 74.1 88.3 71.8 
0.0 33.3 20.5 22.9 78.0 44.6 
41.7 67.0 
0.0 12.5 
65.7 44.7 70.4 13.9 82.2 69.7 
41.0 64.4 35.0 33.2 85.6 75.6 
50.7 45.0 68.0 65.1 85.6 61.7 
7.7 63.8 25.8 71.5 84.8 70.5 
56.6 44.8 69.5 51.0 83.9 65.1 
22.0 64.2 32.2 60.5 85.3 72.8 
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Table 26. (Continued) 
Canopy width Ames 
Seed Protein 
Cross Ames Kanawha Comb. size Protein Oil + oil 
AX221E 24.0 38.4 88.9 64.2 83.1 61.7 
AX262E 42.2 38.0 93.0 81.9 68.6 68.5 
AX221L 70.5 53.4 95.1 90.8 88.9 82.8 
AX262L 70.3 44.6 93.0 87.0 83.1 79.4 
AX221G 49.7 45.6 92.8 83.1 86.4 72.9 
AX262C 55.8 40.9 93.1 84.3 77.3 73.2 
AX222E 0.0 94.0 87.0 83.0 81.3 
AX263E 47.6 
33.8 
87.9 90.9 90.3 83.7 
AX222L 15.1 93.5 89.0 73.9 87.2 
AX263L 45.7 41.2 95.2 71.7 81.5 74.8 
AX222C 3.3 93.9 88.0 78.8 85.1 
AX263G 46.7 93.3 86.0 87.0 80.5 
AX226E 30.2 97.4 92.8 93.2 79.6 
AX267E 45.3 93.8 93.0 94.7 86.8 
AX226L 70.3 57.8 57.3 98.4 97.9 93.7 96.6 
AX267L 66.3 62.2 56.9 96.9 97.7 95.2 95.1 
AX226® 56.0 98.1 95.9 93.8 93.4 
AX267® 56.9 96.1 95.6 95.2 92.4 
AX232E 0.0 0.0 18.6 95.2 83.9 90.6 67.9 
AX273E 53.4 34.3 57.5 96.3 89.3 94.3 81.4 
AX232L 74.8 22.6 0.0 89.0 85.5 91.1 81.1 
AX273L 80.2 26.0 54.7 83.9 86.9 88.4 81.4 
AX232° 50.1 12,8 0.0 92.1 84.8 90.9 76.8 
AX273° 69.3 30.1 55.9 92.2 88.2 92.1 81.7 
Table 26. (Continued) 
Yield Maturity 
Cross Ames Kanawha Comb. Ames Kanawha Comb. 
AX233E 0.0 54.3 33.1 89.0 89.7 89.2 
AX274E 53.5 34.9 42.6 92.3 93.8 91.2 
AX233L 0.0 4.6 0.0 86.4 86.4 87.0 
AX274L 50.4 47.9 26.7 93.0 96.7 95.2 
AX233C 0.0 37.0 17.7 87.6 88.4 88.2 
AX274C 52.5 42.5 36.3 92.7 95.5 93.7 
AX236E 53.5 0.0 0.0 83.1 79.6 81.0 
AX277E 70.2 0.0 0.0 88.2 88.2 91.9 
AX236L 52.6 84.8 
AX277L 55.5 86.9 
AX236G 53.1 83.9 
AX277^  64.1 87.7 
Pooled 
2-way 43.4 37.4 0.0 88.1 87.3 87.8 
Pooled 
3-way 58.6 38.3 22.7 87.2 92.0 91.2 
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Lodging Height 
Ames Kanawha Comb. Ames Kanawha Comb. 
75.4 64.0 69.2 53.8 82.7 83.6 
28.7 33.1 9.4 43.8 71.5 47.2 
48.9 66.0 48.1 26.6 84.0 73.7 
52.4 66.6 75.7 25.6 81.6 68.3 
70.4 64.4 65.2 36.3 83.4 77.9 
38.6 45.6 46.1 31.3 17.7 62.3 
62.0 66.3 59.8 73.4 87.1 70.9 
65.7 81.9 45.4 66.8 90.0 78.5 
58.1 74.2 
21.3 79.4 
59.6 73.8 
47.2 74.8 
60.6 
28.8 
60.6 
65.3 
68.3 
41.4 
54.6 
51.4 
85.4 
84.3 
73.9 
69.4 
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Table 26. (Continued) 
Canopy width Ames 
Seed Protein 
Cross Ames Kanawha Comb. size Protein Oil + oil 
AX233E 46.7 47.0 66.1 90.6 87.8 81.6 81.2 
AX274E 69.1 49.2 54.3 95.8 68.2 76.3 58.1 
AX233L 0.0 0.0 0.0 90.7 93.1 89.2 89.6 
AX274L 17.4 36.1 45.1 95.4 88.9 90.7 94.0 
AX233C 27.9 17.4 46.9 90.7 90.5 85.0 85.3 
AX274C 53.2 43.0 52.2 95.6 81.0 84.6 86.4 
AX236E 35.0 33.8 39.4 94.2 93.0 95.2 84.1 
AX277E 26.4 49.8 27.9 96.0 89.9 94.8 85.0 
AX236L 71.9 82.8 91.9 91.6 82.2 
AX277L 66.6 86.8 96.5 95.3 89.9 
AX236° 59.4 88.4 92.6 93.2 83.3 
AX277G 52.5 91.7 94.1 94.9 87.6 
Pooled 
2-way 45.7 27.4 36.1 93.3 90.7 89.5 84.8 
Pooled 
3-way 57.2 44.1 52.2 93.6 90.5 90.7 84.8 
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does not provide for a separation of genotype x environment 
interactions from the genetic variance. For the combined 
values, the heritabilities also will represent an over-
estimation if the two locations were insufficient to esti­
mate the true genotype x environment interaction. 
Heritability values were high for maturity, seed size, 
protein, oil, and protein + oil. For height the values 
generally were high at Kanawha and intermediate at Ames, 
while heritabilities for yield, lodging, and canopy width 
varied from high to low depending on population and location. 
Heritability percentages for the combined environments 
usually were about the same as or intermediate between the 
individual locations except for yield. The considerably 
lower estimates obtained from yield with the combined data 
reflected the high genotype x environment interaction ob­
served for this character. 
In general, differences between populations for 
heritability reflected differences in genetic variance. 
However, for yield at Ames AX226, AX267j and AX277 exhibited 
high heritabilities but intermediate genetic variance esti­
mates. This reflected low error variances for these popula­
tions. 
The contribution of each parent to genetic variance 
in both 2- and 3-way populations was evaluated by calcu­
lating estimates of genetic variance pooled over the popula­
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tions involving that parent. For example, the estimate of 
fTQ for PI31.122 in 2-way populations was obtained by pooling 
the sums of squares for lines for the AX221E, AX221L, 
AX232E, and AX232L populations, pooling the sums of squares 
for error for these populations, dividing each value by the 
p 2 
appropriate degrees of freedom, and solving for and rrp. 
Heritabillty ratios were calculated by dividing the pooled 
rrg by pooled rp estimates. 
Populations derived from Harosoy 63 had larger genetic 
variances and heritabillty percentages for yield in both 2-
and S-way crosses than populations from AX56P64-1 (Tables 27 
and 28), Among the exotic parents Pl84.666-1 contributed 
markedly lower variance for yield to its populations than 
did the other introduced lines, especially in the 2-way 
crosses. The same trend was apparent to a lesser degree for 
canopy width and oil content. On the other hand, for maturity 
and lodging, genetic variances and heritabillties were largest 
in populations involving Pl84.666-1. 
The largest pooled genetic variance and heritabillty 
values for height, protein, oil, and protein + oil in the 
2-way crosses, and for protein + oil in the 3-way popula­
tions, were obtained when PI257.435 was in the parentage. 
In addition, the average heritabillty values for yield were 
highest in populations involving this line. The large genetic 
variances in populations involving PI257.435 were not sur-
Table 27- Estimates of genotypic components of variance 
pooled over all 2- and 3-way populations from 
each parental line, Ames 
Parental 
line and 
population type Yield Maturity Lodging 
Harosoy 63 
2-way 2105 9.89 0.070 
3-way 3847 6.15 0.013 
AX56P64-1 
2-way 1588 7.72 0.088 
3-way 2953 10.02 0.029 
PI3I.I22 
2-way 2565 8.38 0.073 
3-way 4040 8.20 0.021 
Pl84.666-1 
2-way 661 9.10 0.119 
3-way 2901 9.94 0.031 
PI257.435 
2-way 2312 8.92 0.045 
3-way 3258 6.13 0.011 
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Canopy Seed Protein 
Height width size Protein Oil -f oil 
22.5 15.3 2.38 
14.1 23.2 1.81 
24.3 18.0 1.71 
26.9 29.8 2.42 
15.3 22.4 2.52 
20.4 38.8 2.58 
21.3 4.3 1.40 
20.7 20.2 2.10 
33.3 23.2 2.24 
20.4 20.6 1.67 
1.88 0.47 1.13 
1.78 0.52 0.96 
1.44 0.51 0.64 
1.47 0.62 0.81 
1.02 0.52 0.56 
1.22 0.44 0.64 
1.43 0.27 0.89 
0.92 0.35 0.80 
2.54 0.68 1.20 
2.72 0.91 1.20 
Table 28. Estimates of heritabllity in percentage pooled 
over all 2- and 3-way populations from each 
parental line, Ames 
Parental 
line and 
population type Yield Maturity Lodging 
Harosoy 63 
2-way 46.5 88.1 56.9 
3-way 61.3 82.2 19.6 
AX56P64-1 
2-way 40.0 88.0 63.9 
3-way 55.4 90.5 36.6 
PI31.122 
2-way 46.2 86.3 57.1 
3-way 57.5 86.0 27.4 
Pl84.666-1 
2-way 21.3 90.2 67.8 
3-way 54.2 90.9 35.2 
PI257.435 
2-way 56.6 87.7 51.2 
3-way 64.8 83.1 20.6 
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Canopy Seed Protein 
Height width size Protein Oil + oil 
54.8 
43.2 
43.2 
53.6 
95.2 
93.8 
91.2 
90.7 
88.2 
89.1 
86.1  
84.0 
54.4 
57.0 
48.0 
60.1 
90.8 
93.3 
90.1 
90.2 
90.7 
92.2 
82.6 
85.6 
42.0 
49.2 
49.9 
63.3 
92.5 
92.6 
83.9 
86.3 
88.4 
86.5 
74.2 
76.7 
47.8 
47.1 
17.7 
50.2 
92.4 
94.8 
89.2 
84.2 
82.5 
85.8 
85.1 
83.8 
70.6 
59.4 
57.8 
54.8 
95.0 
93.4 
94.7 
95.2 
93.5 
95.0 
90.6 
90.5 
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prising on the basis of its performance per se (Table 21). 
Its low yield, early maturity, and shortness suggest that 
this line was the most unadapted parent at Ames. The 
large genetic variance may have reflected the expression of 
a large number of segregating genes in crosses involving 
this line. 
Comparisons of the genetic variance estimates and 
heritability values for yield in the two environments (Tables 
23 and 26) suggest that a population may possess large 
potential variability which may be undetected under certain 
environmental conditions. For AX273E, AX236E, and AX277E, 
large genetic variances for yield were detected at Ames, 
while at Kanawha the estimates were zero. On the other 
hand in AX233E no genetic variance for yield was detected 
at Ames while appreciable variability was present at 
Kanawha. Prey (1964) found that heritability of yield in 
oats was influenced by environmental conditions, with larger 
values in nonstress than in stress environments. My 
results suggest that genetic variance also may vary between 
different nonstress environments. Population mean yields 
(Tables 15 and 16) indicated that neither Ames nor Kanawha 
was a stress environment for these populations. These 
results suggest that considerable genetic segregation in a 
population might not be detected even in environments that 
are favorable for character expression. 
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Interrelationship of Characters 
Correlation of yield with other characters 
Johnson and Bernard (1963) reported low correlations 
for yield with most other characters in soybeans. The most 
consistent correlation reported in their review was a posi­
tive association of yield and maturity. Phenotypic and 
genotypic correlations for yield with eight characters at 
Ames and for yield with four characters at Kanawha are 
presented in Tables 29 and 30, respectively. In general, 
genotypic correlations were larger than phenotypic correla­
tions. This suggests that the observed associations between 
characters were due largely to genetic association. 
At Ames, there was a trend for positive association of 
yield and maturity, although correlation coefficients varied 
widely among populations and among maturity groups within 
populations. There was no tendency for this correlation to 
be higher in either the 2- or 3-way populations. At Kanawha 
yield and maturity were correlated positively in AX273E but 
negatively in AX233E. The yield vs. maturity correlations 
in other populations at Kanawha were small and nonsignificant. 
Yield tended to be associated positively with lodging 
susceptibility and tallness at Ames but with lodging resist­
ance and shortness at Kanawha. The disparity between 
association of these characters in the two environments may 
have been related to abnormal conditions caused by the June 
Table 29. Phenotypic and genotypic correlations in 2- and 
3-way populations for yield with eight characters, 
Arnes^  
Cross 
Maturity 
•g 
Lodging 
S 
Height 
•g 
AX221E .46* .79 .28 .46 .12 - .13 
AX262E .20 .42 -.24 -2.80 . 66** .75 
AX221L .49* .69 .28 .24 .24 .38 
AX262L .42* .49 .28 .27 .38 .23 
AX221 .48** .81 .28* .51 .18 .36 
AX262 .26 .38 -.04 - .20 .53** .88 
AX222E .07 .08 .56** .63 -.05 - .47 
AX263E .17 .27 .14 - .01 .35 .38 
AX222L .34 .54 -.17 - .44 -.23 - .47 
AX263L .02 .01 -.13 -2.80 .42* .92 
AX222 .18 .29 .28 .44 -.14 - .34 
AX263 .12 .19 .09 .01 .36* .54 
AX226E .15 .20 . 66** .95 .31 .38 
AX267E .48* .49 -.21 -1.32 .49* 1.24 
AX226L .39 .56 .38 .80 .35 .42 
AX267L .04 .30 .18 .15 -.02 
- .57 
AX226 .28 .40 .51** .92 .33* .48 
AX267 .31* -.04 - .31 .27 .76 
AX232E -.32 - .90 -.15 - .48 .49* 2.16 
AX273E .37 .59 .45* .85 .56** .61 
AX232L .44* .56 .09 .09 .36 .66 
AX273L .47* .77 .29 .88 .34 .42 
AX232 .08 .08 -.02 - .06 .40** .71 
AX273 .42** .66 .37** 1.13 .42** .65 
&AX221 to AX236 = 2-way populations; AX262 to AX277 = 
3-way populations. 
*»**Exceeds the 5 percent, 1 percent probability level, 
respectively. Appropriate tests for significance of rg not 
available, 
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Canopy -width Seed size Protein 
rp fg fp fp fg 
.44* .85 
.60** .61 
.51** .66 
.66** .97 
.47** .87 
. 60** .68 
.51** .87 
.58** .65 
.04 -1.14 
.47* 1.66 
.26 1.03 
.53** .92 
.56** .62 
.63** 1.07 
.54** .63 
.47* 
.55** .82 
.55** .77 
.21 -1.11 
.71** .89 
.64** .92 
.48* .44 
.48** .71 
.58** .86 
.22 .30 
-.10 
-.27 
.05 .11 
-.09 -.23 
.13 .21 
-.10 -.18 
.03 -.03 
.05 -.02 
.13 .20 
.05 .09 
.07 .09 
.04 .04 
-.09 -.19 
.54** .61 
-.09 -.13 
.31 .48 
-.09 -.14 
.41** .50 
-.22 -.62 
-.04 -.06 
.05 -.04 
-.12 
-.33 
-.08 
-.15 
-.07 -.13 
-.23 - .59 
-.31 - .63 
-.21 
- .35 
-.48* 
- .73 
-.22 - .40 
-.36** - .55 
-.39 - ,58 
-.40* - .48 
-.28 - .42 
.20 .51 
-.34* - .56 
-.25 - .35 
.01 .00 
-.40* 
- .52 
.05 .06 
-.20 - .31 
.04 .04 
-.30* - .38 
-.25 - .56 
-.25 - .37 
-.30 - .51 
-.27 - .35 
-.28* - .44 
-.26 
- .39 
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Table 29. {Continued) 
Cross 
Oil Protein + oil 
rp fp 
AX221E -.12 -.11 -.31 -.83 
AX262E .15 .30 -.28 -.58 
AX221L -.14 -.21 -.39 -.58 
AX262L .28 .56 -.40* 
-.57 
AX221 -.13 -.20 
-.35* -.67 
AX262 .19 .32 -.31* -.51 
AX222E .53** .80 -.20 -.32 
AX263E .30 .39 -.38 -.43 
AX222L .14 .41 -.27 -.34 
AX263L -.06 .24 .17 .69 
AX222 .37** .69 -.23 -.37 
AX263 .18 .29 -.20 -.26 
AX226E .06 .09 .08 .11 
AX267E .41* .54 -.22 -.29 
AX226L .36 .47 .22 .28 
AX267L .44* .74 .02 .07 
AX226 .20 .28 .17 .27 
AX267 .42** .55 -.09 -.11 
AX232E .14 .60 -.24 -.23 
AX273E .00 -.01 -.39 -.60 
AX232L .42* .61 .00 -.01 
AX273L -.14 -.31 -.48* -.76 
AX232 .29* .46 -.10 -.14 
AX273 -.06 -.11 -.43** -.69 
Table 29. (Continued) 
AX233E .07 .09 -.10 -.50 -.11 -.95 
AX274E .20 .30 .36 .80 .60** .81 
AX233L .24 .55 .02 .39 .20 .07 
AX274L .24 .42 .29 .42 -.27 -.60 
AX233 .14 .47 -.06 -.46 .04 -.40 
AX274 .22 .32 .33* .73 .14 .31 
AX236E .21 .48 .37 .37 .35 .12 
AX277E .21 .38 .50* .69 .35 .32 
AX236L .72** 1.18 .00 -.12 .32 .35 
AX277L .41 .51 -.12 -.29 .54** .63 
AX236 .46** .74 .17 .22 .34* .40 
AX277 .29* .40 .24 .41 .44** .56 
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Canopy width Seed size Protein 
fp :g fp fg fp fg 
.20 -1.08 .14 -.16 -.36 - .76 
.79** .92 .07 .05 -.14 - .22 
-.07 -.63 .30 .62 -.33 - .60 
.34 .59 .47* .85 .07 .18 
.10 
-.73 .20 .47 -.35* -1.24 
.64** 1.09 .24 .34 -.04 - .05 
.24 .04 -.02 -.05 -.03 - .03 
.70** .77 -.39 -.53 -.42* - .65 
.35 .36 .24 .25 -.24 - .33 
.65** .88 .23 .38 -.37 - .49 
.30* .40 .11 .13 -.12 - .16 
.65** .95 -.11 -.15 -.38** - .51 
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Oil Protein -f oil 
cross i-p rg rp i-g 
AX233E .38 .63 -.23 -.61 
AX274E -.11 -.09 -.25 -.34 
AX233L .06 -.03 -.37 -.78 
AX274L .55** .84 .34 .58 
AX233 .24 .77 -.29 -1.11 
AX274 .20 .30 .08 .13 
AX236E .13 .20 .07 .14 
AX277E .13 .19 -.47* -.76 
AX236L .42* .55 .07 .06 
AX277L .28 .44 -.36 -.42 
AX236 .27 .37 .07 .11 
AX277 .20 .28 -.42** -.56 
Table,30. Phenotjrpic and genotyplc correlations In 2- and 3-way populations for 
yield with four characters, Kanawha& 
Maturity Lodging Height Canopy width 
cross rp rg 
AX226L .06 -.10 -.52** - .58 -.44* -.51 -.30 - .65 
AX267L .18 .19 -.39 - .53 -.38 -.52 .03 .06 
AX232E .06 -.39 ••. 38 - .30 -.02 -.02 -.03 - .26 
AX273E .53** 1.01 •-.18 - .68 -.02 -.45 .54** - .62 
AX232L .27 .32 -.43* - .48 -.04 .03 .55** 1.05 
AX273L -.11 -.15 -.67** - .87 -.35 -.44 .36 1.15 
AX233E -.41* -.71 -.69** -1.21 -.43* -.86 -.01 - .37 
AX274E -.10 -.34 -.12 - .14 .22 .57 -.24 - .49 
AX233L .12 .28 -.48* - .76 -.22 -.22 -.04 - .39 
AX274L -.23 -.31 -.43* - .87 -.22 -.50 .25 .74 
AX236E .00 -.52 
-.57** -1.26 -.13 -.33 -.20 - .25 
AX277E .09 -.25 -.61** -1.95 -.01 -.65 -.09 -1.13 
&AX221 to AX236 = 2-way populations; AX262 to AX277 = 3-way populations. 
* Exceeds the 5 percent, 1 percent probability level, respectively. Appropriate 
tests for significance of r^  not available. 
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hailstorm at Ames. 
Recent discussion of the desirability of "thin lines" 
for use in narrow row soybean production (Weber, 196?) 
suggests that a negative correlation between canopy width 
and yield in 68 cm rows might be expected. However, in 
nearly all populations at Ames the two characters were 
correlated positively. Again, the interrelationship of 
characters may have been influenced by abnormal conditions 
resulting from hail damage. However, at Kanawha the only 
significant correlations obtained for this association were 
positive (AX273E and AX232L). This suggests that canopy 
width was not of value in selecting genotypes adapted for 
68 cm rows. 
Yield was correlated significantly with seed size in 
AX267E and AX27^ L, but yield and seed size were not highly 
associated In the other populations. There was a general 
tendency for yield to be correlated negatively with protein 
and protein + oil, and positively with oil. These results 
agree with those reported by Johnson and Bernard (1963). 
Correlations among protein, oil, and protein + oil 
Phenotypic and genotypic correlations for the associa­
tion of protein with protein + oil, oil with protein + oil, 
and protein with oil are presented in Table 31. Either 
protein, oil, or both would be expected to be correlated 
with total protein and oil. The correlation coefficients 
Table 31. Phenotyplc and genotypic correlations In 2- and 3-way populations for 
associations among protein, oil, and protein + oil content, Ames^  
Cross 
Protein + oil, protein Protein + oil, oil Protein, oil 
P^ P^ P^ 
AX221E .62** .39 .50* .44 -. 36 -.65 
AX262E .88** .88 -.08 -.07 -.54** -.53 
AX221L .82** .89 -.11 -.15 -.67** -.71 
AX262L .84** .85 -.06 -.14 -.59** - .64 
AX221 .73** .81 .18 .14 -.54** -.64 
AX262 ,86** 1.02 -.07 -.10 -.56** -.66 
AX222E .90** .92 -.32 -.42 -.69** -.74 
AX263E .89** .90 -.41* -.49 -.78** -.82 
AX222L .94** .95 -.23 -.36 -.56** -.62 
AX263L .76** .70 .32 .41 -.38 -.36 
AX222 .92** 1.01 -.26 -.35 -.62** -.71 
AX263 .84** .92 -.13 -.15 -.65** -.72 
AX226E .92** .95 -.73** -.83 -.93** -.96 
AX267E .80** .80 -.24 -.29 -.78** -.81 
AX226L .92** .92 - .06 -.10 -.46* -.48 
AX267L .88** .88 -.18 -.22 -.64** -.66 
AX226 .89** .92 -.28* -.30 -.68** -.71 
AX267 .84** .87 -.21 -.23 -.70** -.73 
A^X221 to AX236 = 2-way populations; AX262 to AX277 = 3-way populations. 
*'**Exceed3 the 5 percent, 1 percent probability level, respectively. Appropriate 
tests for significance of r_ not available. 
Table 31. (Continued) 
Cross 
Protein + oil. protein Protein + oil, oil Protein, oil 
fp rg fp rg 
AX232E .76** .75 -.21 -.31 -.80** -.86 
AX273E .71** .70 -.06 -.08 -.75** -.77 
AX232L ,69** .68 .12 .12 -.63** -.64 
AX273L .80** .79 -.08 -.12 -.67** -.71 
AX232 .72** .81 -.01 -.03 -.70** 
-.77 
AX273 .75** .82 -.07 -.09 -.71** -.77 
AX233E .88** .90 -.17 -.30 -.62** -.69 
AX274E .74** .69 .18 .20 -.54** -.58 
AX233L .85** .87 -.08 -.16 -.58** -.63 
AX274L .86** .86 .69** .72 .22 .27 
AX233 .87** .94 -.12 -.18 -.60** -.67 
AX274 .80** .88 .53** .61 -.07 -.05 
AX236E .89** .90 -.59** -.66 -.88** -.91 
AX277E .77** .75 -.10 -. 09 -.71** -.73 
AX236L .75** .76 -. 16 -.21 -.77** -.80 
AX277L ,86** .88 -.50* -.56 -.87** -.89 
AX236 .84** .92 -.40** -.47 -.84** -.89 
AX277 .82** .86 -.33* -.36 -.81** -.84 
I4l 
were calculated to determine whether it may be possible to 
select genotypes with high protein content and still main­
tain an acceptable oil percentage. 
Genotypic correlations tended to be similar to or 
slightly higher than phenotypic correlations. As expected, 
significant negative correlations between protein and oil 
were obtained for all crosses except AX221E, AX263L, AX274L, 
and the pooled AX274 population. Positive correlation of 
protein and oil was detected in AX274L (r^  = .22), but the 
coefficient was not significantly different from zero. The 
reason for the lack of a negative association for protein 
and oil in this population is not known. The only other 
instance of a nonsignificant protein and oil correlation in 
a 3-way population was in AX263L, which involves the same 
exotic parent as AX274. Hanson, e^  al^ . (1961) postulated 
that separate genetic systems exist for the conversion of 
sugars into protein and oil, and that the competition 
existing between these systems results in a negative associa­
tion of the two end products. In the absence of this com­
petition, both protein and oil content would be determined 
by the availability of carbohydrates from photosynthesis. 
The high correlation of both protein and oil with protein + 
oil in AX274L, and to a lesser extent in AX263L, suggests 
that competition between protein and oil synthesis did not 
exist or was in precise balance in these populations. Thus 
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both protein and oil content appeared to be determined by 
the available sugar produced by the genotype. 
Highly significant correlations between protein and 
protein + oil existed in all populations. Significant 
negative correlations between oil and protein + oil were 
observed in AX263E, AX226E, AX236E, AX277Lj and the pooled 
populations AX226, AX236, and AX277, but most correlations 
of oil with protein + oil were low. Oil was associated 
positively with protein + oil in AX221E, AX274L, and the 
pooled AX274 population. These results suggest that success­
ful selection for high protein while maintaining an accept­
able oil percentage should be possible in most populations. 
Utilization of Populations in Line Selection 
In most breeding programs for seIf-pollinated crops, 
the value of a cross is determined by the frequency of 
desirable lines in the population. The desired end product 
may be a transgressive segregate for one or more characters, 
or a line which incorporates the better traits of each 
parent. Population means and variances are useful indicators 
of expected progress from selection, but the ultimate 
criterion of value is the relative frequency of superior 
lines within the population. 
Selection for yield 
Frequency distributions for yield at Ames are presented 
for each population in Figure 1. Transgressive segregation 
Figure 1. Distribution of mean yield for soybean lines from six 2-way (solid 
lines), 3-way (dashed lines) sets, Ames, I968 
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was observed in all crosses, but the range for 3-way popu­
lations tended to be wider than for 2-way populations. In 
all sets except AX221-262, the highest yielding lines came 
from the 3-way cross. 
To further evaluate the value of 2- vs. 3-way popula­
tions for selection, the five highest yielding lines (upper 
10 percent) in each set-maturity group were considered. 
The number of superior lines in each group that were derived 
from 2- or 3-way crosses is presented for each location in 
Table 32. Considerably more of the superior lines came from 
3-way than from 2-way crosses in both locations. These 
classifications, together with the results shown previously 
for means and variances, indicate clearly that the 3-way 
populations were more fruitful sources than 2-way popula­
tions for the selection of high yielding lines. 
Selection for protein and oil composition 
Soybean seed is unique in its high protein content. In 
recent years, a shortage of protein in the diets prevalent 
in some nations has led to considerable interest in breeding 
for still higher protein content in soybeans. However, 
commercial processors favor maintaining or increasing oil 
content of the seed. The ensuing discussion will be con­
cerned with selection for high protein and oil individually 
and with simultaneous selection for both. 
Frequency distributions for each population for protein 
Table 32. Number of highest yielding five lines in each set-maturity group that 
were derived from 2- or 3-way crosses, Ames and Kanawha 
Ames Kanawha 
No. from No, from No. from No. from 
Set-maturity group 2-way 3-way 2-way 3-way 
AX221-262E 0 5 2a 3' 
AX222-263E 0 5 
AX226-267E 0 5 
AX232-273E 3 2 3 2 
AX233-274E 1 4 3 2 
AX236-277E 2 3 2 3 
AX221-262L 2 3 Qa 5' 
AX222-263L 0 5 oa 5' 
AX226-267L 1 4 0 5 
AX232-273L 2 3 4 1 
AX233-274L 1 4 0 5 
AX236-277L 1 4 
Total 13 47 14 31 
B^ased on one replicate. 
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percentage are presented in Figure 2. Transgresslve segre­
gation occurred in most populations, but not nearly to the 
extent that it did for yield. Lines exceeding the high 
parent for protein were found in all populations except 
AX263, AX233, and AX274. There was no consistent trend for 
greater transgressive segregation for 2- or 3-way popula­
tions. 
Frequency distributions for oil percentage are presented 
in Figure 3. Lines exceeding the high parent in oil content 
were found in all populations except AX222J AX233j and 
AX274. In AX221, AX262, AX232, and AX273 none of the lines 
were lower in oil than PI31.122 (17.9 percent); however, in 
the other populations lines with lower oil content than the 
low parent were present. 
Frequency distributions for protein + oil are presented 
in Figure 4. Transgressive segregation for both high and 
low protein + oil occurred in all crosses. There was a 
definite tendency for the distributions of 3-way populations 
to be shifted more than those of the 2-way crosses toward 
higher protein + oil content. This was especially noticeable 
in AX221-262 and AX232-273. In these sets, the distributions 
for both protein and oil individually also were shifted 
toward higher percentages in a more pronounced manner for 
the 3-w&y crosses. 
The superior five lines for protein, oil, and protein 
Figure 2, Distribution of mean protein percentage for soybean lines from six 
2-way (solid lines), 3~way (dashed lines) sets, Ames, 1968 
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Figure 3. Distribution of mean oil percentage for soybean lines from six 
2-way (solid lines), 3-way (dashed lines) sets, Ames, 1968 
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Figure 4, Distribution of mean protein + oil percentage for soybean lines from 
six 2-v;ay (solid lines), 3-v/ay (dashed lines) sets, Ames, 1968 
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+ oil in each set-maturity group are listed in relation to 
their population type (2-way or 3-way) in Table 33. The 
tabulations for all three characters are similar to those 
shown previously with a strong tendency exhibited for the 
3-way populations to produce most of the superior lines. 
Hanson, e;t a^ . (1961) found little variability for 
protein + oil percentage (evaluated as total carbohydrate 
minus protein and oil) within 45 crosses of adapted soybean 
lines. In my experiments considerable variability for 
protein + oil was found, indicating that progeny from 
diverse crosses may vary considerably in their efficiency 
for converting sugars to protein and oil. The high genetic 
variance for protein + oil, plus the high correlation of 
protein and the general lack of association of oil with 
protein + oil, suggest that protein + oil should be an 
effective criterion for selecting lines with high protein 
and acceptable oil content. To further test this hypothesis, 
each of the characters protein, oil, and protein + oil were 
considered as a selection criterion. Each selection 
criterion was applied to each of the 24 cross-maturity 
groups. This procedure differed from the one used previously 
(Tables 32 and 33), where the set-maturity group was con­
sidered the base population. The best five lines for each 
of the three characters were selected from the 25 lines in 
each cross-maturity group (20 percent selection), and the 
Table 33. Number of highest five lines for protein, oil, and protein + oil in 
each set-maturity group that were derived from 2- or 3-way crosses, 
Ames 
Protein Oil Protein + oil 
Set- No. from No. from No. from No. from No. from No. from 
maturity group 2-way 3-way 2-way 3-way 2-way 3-way 
AX221-262E 0 5 2 3 1 4 
AX222-263E 4 1 0 5 4 1 
AX226-267E 2 3 0 5 2.5 2.5 
AX232-273E 1 4 1 4 0 5 
AX233-274E 4 1 2 3 2 3 
AX236-277E 3 2 2 3 2 3 
AX221-262L 2 3 0 5 0 5 
AX222-263L 2 3 2 3 2 3 
AX226-267L 2 3 2.5 2.5 4 1 
AX232-273L 2 3 1 4 1 4 
AX233-274L 2 3 3 2 1 4 
AX236-277L 0 5 2 3 2.5 2.5 
Total 24 36 17.5 42.5 22 38 
164 
average protein, oil, and protein + oil content of the 
populations resulting from selection for each was determined. 
The mean values across maturity groups for each cross are 
presented in Table 34. For the average of all populations, 
selection for protein increased the mean protein content by 
3.8 percent and decreased average oil content by 3.4 percent, 
relative to the unselected population mean. The percentage 
values discussed in the text were calculated as a percent 
change in the mean (45.9/44.1 = 1.038 = 3.8 percent). 
Selection for protein + oil gave an average increase of 3.4 
percent in protein while oil was decreased slightly (0.5 per­
cent). These results indicate that selection for total 
protein + oil should be a highly useful method of selecting 
for high protein without markedly reducing oil percentage 
from the unselected population mean. If, however, high oil 
lines were desired, selection for protein + oil would have 
been of little value. Selection on the basis of oil percent­
age alone caused an average increase of 4.4 percent in oil, 
but a 2.5 percent decrease in protein content resulted. 
Therefore, it appears that it would be extremely difficult 
to raise oil content markedly while maintaining protein at a 
high level. 
Table 34, Mean protein, oil, and protein + oil percentages of unselected 2- and 
3-way populations, and means of groups of lines selected for protein, 
oil, or protein + oil, Ames 
Selection Char- Population®" 
criterion acter" AX221 AX262 AX222 AX263 AX226 AX267 AX232 AX273 
None 
p 43.6 44.4 44.8 44.6 43.9 44.0 43.2 44.0 
0 19.8 20.3 19.8 20.2 20.2 20.4 20.3 20.8 
p + 0 63.5 64.8 64.7 64.8 64.0 64.4 63.6 64.8 
Protein 
P 45.0 45.9 46.4 46.0 46.6 46.8 44.7 45.6 
0 19.3 19.8 19.5 19.6 19.2 19.0 19.7 20.0 
+ 0 64.3 65.7 65.9 65.6 65.8 65.8 64.4 65.6 
P 43.0 43.8 43.4 43.8 42.4 43.2 42.3 42.8 
0 21.0 21.1 20.6 21.0 21.2 21.4 21.4 21.9 
+ 0 64.0 64.9 64.0 64.8 63.6 64.6 63.7 64.7 
Protein + Oil 
P 44.6 45.6 46.4 45.7 46.5 46.3 44.4 45.4 
0 20.2 20.4 19.8 20.0 19.7 19,6 20.4 20.6 
+ 0 64.8 66.0 66.2 65.7 66,2 65,9 64.8 66.0 
&AX221 to AX236 = 2-v/ay populationsj AX262 to AX277 = 3-way populations. 
P^ = protein, 0 = oil, P + 0 = protein + oil. 
Table 34. (Continued) 
Selection Char- Population^  
criterion aoterb AX233 AX274 AX236 AX277 2-way 3-way 
None 
Protein 
Oil 
Protein + oil 
P 44.3 44.8 43.4 43.8 43.9 44.3 
0 20.2 20.2 20.5 20.T 20.2 20.4 
P + 0 64.6 65.0 63.9 64.4 64.0 64.7 
P 46.0 45,9 45.6 46.2 45.7 46.1 
0 19.6 20.2 19.5 19.2 19.5 19.6 
P + 0 65.6 66.1 65.1 65.4 65.2 65.7 
P 43.2 44.7 42.0 42.4 42.7 43.4 
0 21.0 21.0 21.6 21.8 21.1 21.4 
P + 0 64.2 65.7 63.6 64.2 63.8 64.8 
P 45.6 45.7 45.2 45.7 45.4 45.7 
0 20.3 20.8 20.0 20.0 20.1 20.2 
p + 0 65.9 66.5 65.2 65.7 65.5 • 65.9 
167 
GENERAL DISCUSSION 
The diversity of soybean varieties available in 
northern regions of the United States reflects the potential 
variability present in the introductions from which most of 
the present varieties were derived. For instance, the 
p 
Lincoln x Richland cross produced segregates which are 
adapted from northern Minnesota (Renville) to central 
Missouri (Clark). A cross between Chippewa and Clark, both 
p 
Lincoln x Richland derivatives, produced two superior strains, 
A2-5405 and A2-5^ 07^  indicating that variability was not 
exhausted after one selection cycle. These and other 
examples that might be cited suggest that the strains listed 
in Table 1 were an amazing source of genetic diversity. How 
long this reservoir of variability can be utilized in popu­
lation improvement is an open question. 
Dudley and Lambert (1969) reported that significant 
genetic variability existed after 65 generations of selection 
for high and low oil and protein content in an open-pollinated 
maize population. The relationship to soybeans is extremely 
tenuous, but these data suggest that variability may exist 
after a long period of intensive selection. However, it is 
likely that even if potential variability is present in 
current selected soybean populations, genetic gain will be 
P^ehr, W. R., Ames, Iowa. Soybean variety trials. 
Private communication. 1969. 
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more difficult to obtain in the future. Thus, investigation 
relative to methods of increasing variability should con­
stitute a significant portion of progressive soybean 
breeding programs. 
Mutation breeding is the only method existing for the 
actual creation of new sources of genetic diversity. John­
son and Bernard (1963) in reviewing the literature on 
irradiation breeding in soybeans concluded that at least for 
the present this approach is not warranted unless the desired 
product is a line with a characteristic which does not exist 
in any known strain. 
Exploitation of existing variability may be accomplished 
in two general ways; release of variability through inter­
crossing to break up linkage blocks, and infusion of new 
sources of variability through plant introductions. Hanson, 
et al. (1967) advocated the former approach. In this 
dissertation I have presented and discussed the results of 
experiments that are relevant to the latter concept. The 
best approach may be to use both methods together, especially 
if repulsion phase linkages predominate in adapted x exotic 
crosses. 
The use of S-way rather than 2-way crosses to incor­
porate exotic germplasm is based on the supposition that 
adapted parents contain more favorable alleles than exotic 
lines. Since 3-way populations contain 75 percent adapted 
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germplasm the probability of selecting superior adapted 
genotypes is higher with 3-way crosses. For example, suppose 
that both adapted parents contain the favorable alleles A 
and B, while the exotic parent contains the favorable allele 
C. The desired segregate is the individual homozygous for 
all three favorable alleles, AABBCC. The frequency of 
this genotype after many generations of selfing following 
a 2-way cross should approach 0.125, while the frequency in 
a homozygous 3-way population should approximate 0.1406. 
The results which I have presented suggest that for the 
commercially important characters seed yield, protein, and 
oil, 3-way populations show greater potential for the 
attainment of superior lines than 2-way populations. Al­
though 2-way populations derived from AX56P64-1 were nearly 
as high yielding as their 3-way counterparts, only in one 
set was the 2-way as good as the 3-way population for 
production of superior lines for yield. 
The predictions of mean population performance from 
parental data suggest that preliminary evaluation of new 
introductions before using them in crosses would be 
advisable. Superior lines came from populations with high 
mean values. Use of extremely unadapted exotic lines may 
have given different results than I obtained, but it 
seems unlikely that large scale intercrossing of exotic 
material would.be fruitful. 
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The populations which I evaluated had a higher level 
of protein content than most soybean populations which 
have been reported. Heritability values for protein were 
as high as those reported by Johnson and Bernard (1963), 
Smith and Weber (1968), and Pehr and Weber (I968) for popu­
lations with considerably lower average protein content. 
This suggests that selection for protein in high protein 
populations should be no more difficult than selection in 
standard populations. A negative association between yield 
and protein was observed, but it was not of sufficient 
magnitude to preclude selection of high yielding, high 
protein lines. For example, AX2741-11 was 22 percent higher 
in yield, 12 percent higher in protein, and 2 percent higher 
in oil than the check variety Wayne. Its protein content 
was 5.6 percent higher than Provar, the best high protein 
variety currently available. 
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SUMMARY AND CONCLUSIONS 
This study was conducted to evaluate 2- and 3-way 
crosses for their value in incorporation of exotic germplasm 
for improvement of quantitative characters in soybeans. 
Homozygous populations from 2-way adapted x exotic and 3-
way (adapted x exotic) x adapted crosses were tested in 
two environments in Iowa. Twenty-five early and 25 late 
lines from each of six 2- and 3-way populations were 
examined for the expression of nine and five characters at 
Ames and Kanawha, respectively. 
Significant differences among 2- and 3-way crosses 
were shown for all characters. Three-way populations tended 
to be higher yielding, earlier in maturity, more resistant 
to lodging, shorter, larger seeded, and higher in protein 
and oil content of the seed than 2-way populations, although 
particular sets varied from this general trend. Three-way 
populations derived from Harosoy 63 had higher mean yields 
than corresponding 2-way populations, while the mean yields 
of 2- and 3-way populations Involving AX56P64-1 were not 
significantly different. Adapted x exotic parent inter­
action, representing nonadditlve genetic effects, was 
significant for two characters in the 2-way populations 
and for five characters in the 3-way populations. Mean 
population perfoi^ oance generally was predictable from 
parental performance, although some deviations were observed. 
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It was postulated that 2-way populations would have 
greater genetic variance than S-way populations due to 
their greater proportion of exotic germplasm. However, 
genetic variance estimates were not consistently larger in 
2-way populations for any character. For yield and canopy 
width, there was a definite tendency for greater genetic 
variance in 3-way populations. This could have been due 
either to less genetic diversity in the exotic parents or 
greater diversity in the adapted third parent (Provar) 
than expected; or to insufficient sample size, nonadditive 
gene action, linkage, or environmental effects on the 
variance estimates. 
Genotypic variance and heritability generally were 
highest in the 2- and 3-way populations that were derived 
from the least adapted parent, PI257.435. Populations 
derived from the highest yielding exotic parent at Ames, 
PL84.666-1, had the lowest genetic variance for yield. The 
magnitude of genetic variances for a specific population 
sometimes differed for the two environments. This suggested 
that even in environments favorable for character expression, 
considerable genetic segregation in a population may not be 
detected. 
Seed yield tended to be correlated positively with 
days to maturity, lodging susceptibility, plant height, leaf 
canopy width, and oil percentage but negatively correlated 
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with protein and protein + oil percentage at Ames. Genotypic 
correlations were larger for most attributes than phenotypic 
correlations. At Kanawha, yield was associated negatively 
with lodging susceptibility and height. The disparity 
between the two locations may have been related to abnormal 
conditions caused by a hailstorm at Ames. Correlations of 
all characters with yield were low in most populations in 
both environments. 
High negative correlations of protein and oil percentage 
were obtained in most populations. However, in the 3-way 
cross-maturity group AX274L a nonsignificant positive 
correlation of oil and protein was observed (rp = .22). It 
was postulated that competition of the genetic systems for 
conversion of sugars to protein and oil either did not 
exist or were in precise balance in this population. 
Correlation coefficients for protein with protein + oil 
and for oil with protein + oil were calculated to determine 
the effect of selection for total protein + oil on the 
individual chemical components. Protein was highly corre­
lated with protein + oil in all populations, while most 
coefficients for oil with protein + oil were low. Selecting 
for high protein + oil content was shown to be an effective 
procedure for the attainment of high protein lines with an 
acceptable oil content. 
Transgressive segregation for yield was observed in all 
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populations, indicating that either 2- or 3-way crosses 
should provide fruitful populations for the selection of 
high yielding strains. In all 2-, 3-way sets except 
AX232-273 the 3-way cross produced more high yielding lines 
than the 2-way cross. 
For chemical characters transgressive segregation was 
not as pronounced as it was for yield, but lines superior 
to the better parent were observed in most crosses. Three-
way populations produced more superior lines than 2-way 
populations for protein, oil, and protein + oil content. 
Six genotypes were evaluated in 68 cm row widths in 
each of three border row competition environments; (l) 
bordered by themselves, (2) bordered by Chippewa 64-, and 
(3) bordered by Hark. The genotype x competition environment 
interaction was significant for yield only, but the component 
of variance for the interaction was small compared to the 
component for genotypes. Components of variance for yield 
and canopy width were larger in competition environments 2 
and 3 than in environment 1. Competitive responses were 
related to maturity differences, but other factors also 
appeared to be involved. Differences in yield between geno­
types were inflated in environments 2 and 3» relative to 
the pure stand (environment l), but relative ranks were 
unbiased. Characters other than yield and canopy width 
were affected little by the different competition environ­
ments . 
175 
BIBLIOGRAPHY 
Allard, R. W. I96O. Principles of plant breeding. New 
York, N.Y., John Wiley and Sons, Inc. 
Allison, D. C. and Starling, J. L. 1963. Cytogenetic 
studies of the B.C.^  and B.C.2 generations from inter­
specific hybrids between Phalaris arundinacea and 
and P. tuberosa. Crop Science 3: 154-157. 
Anderson, Edgar E. 19^9. Introgressive hybridization. 
New York, N.Y., John Wiley and Sons, Inc. 
Brim, C. A. and Schutz, W. M. I968. Inter-genotypic 
competition in soybeans. II. Predicted and observed 
performance of multiline mixtures. Crop Science 8: 
735-739. 
Brim, Charles A. and Cockerham, C. Clark. 196I. Inheritance 
of quantitative characters in soybeans. Crop Science 1: 
187-190. 
Brncic, Danko. 1954. Heterosis and the integration of 
the genotype in geographic populations of Drosophila 
pseudoobscura. Genetics 39: 77-88. 
Caldwell, B. E., Weber, C. R., and Byth, D. E. I966. 
Selection value of phenotypi^  attributes in soybeans. 
Crop Science 6: 249-251. 
Castro, G. M., Gardner, C. 0., and Lonnquist, J. H. 1968. 
Cumulative gene effects and the nature of heterosis in 
maize crosses involving genetically diverse races. 
Crop Science 8: 97-101. 
Comstock, R. E. and Robinson, H. F. 1952. Estimation of 
average dominance of genes. In Gowen, John W., ed. 
Heterosis. Pp. 494-516. Ames, Iowa, Iowa State 
College Press. 
Donnelly, E. D. and Clark, E. M. 1962. Hybridization in 
the genus Vicia. Crop Science 2: 141-14$. 
Dudley, J. W. and Lambert, R. J. 1969. Genetic variability 
after 65 generations of selection in Illinois high oil, 
low oil, high protein, and low protein strains of Zea 
mays L. Crop Science 9: 176-179. 
176 
Epling, Carl. 1947. The genetic aspects of natural popula­
tions. American Naturalist 8l: 104-113. 
Pehr, W. R. and Weber, C. R. 1968. Mass selection by 
seed size and specific gravity in soybean populations. 
Crop Science 8: 551-554. 
Prey, K. J. 1964. Adaptation reaction of oat strains 
selected under stress and non-stress environmental 
conditions. Crop Science 4: 55-58. 
Gates, C. E., Weber, C. R., and Horner, T. W. I960. A 
linkage study of quantitative characters in a soybean 
cross. Agronomy Journal 52: 45-49. 
Goodman, Major M. 1965. Estimates of genetic variance in 
adapted and exotic populations of maize. Crop Science 
5: 87-90. 
Hanson, W. D., Brim, C. A., and Hinson, K. 196I. Design 
and analysis of competition studies with an application 
to field plot competition in the soybean. Crop Science 
1: 255-258. 
Hanson, W. D., Leffel, R. C., and Howell, Robert W. 196I. 
Genetic analysis of energy production in the soybean. 
Crop Science 1: 121-126. 
Hanson, W. D., Probst, A. H., and Caldwell, B. E. I967. 
Evaluation of a population of soybean genotypes with 
Implications for improving self-pollinated crops. Crop 
Science 7: 99-103. 
Hanson, W. D. and Weber, C. R. I96I. Resolution of genetic 
variability in self-pollinated species with an applica­
tion to the soybean. Genetics 46: 1425-1434. 
Hanson, W. D. and Weber, C. R. 1962. Analysis of genetic 
variability from generations of plant-progeny lines in 
soybeans. Crop Science 2: 63-67. 
Harlan, J. R. I966. Plant introduction and biosystematics. 
In Prey, K. J., ed. Plant Breeding. Pp. 55-84. Ames, 
Iowa, the Iowa State University Press. 
Hartwig, E. E., Johnson, H. W., and Carr, R. B. 1951. 
Border effects in soybean test plots. Agronomy Journal 
43: 443-445. 
177 
Homer, Theodore VJ. and Weber, Charles R. 1956. Theoretical 
and experimental study of self fertilized populations. 
Biometrics 12: 404-414. 
Howard, H. W. and Swaminathan, M. S. 1952. Species dif­
ferentiation in the section tuberarium of solanum 
with particular reference to the use of interspecific 
hybridization in breeding. Euphytica 1: 20-27. 
Johnson, Herbert W. and Bernard, Richard L. 1963. Soybean 
genetics and breeding. In Norman, A. G., ed. The 
soybean. Pp. 1-74. New York, N.Y., Academic Press, 
Inc. 
Johnson, Herbert W., Robinson, H. P., and Comstock, R. E. 
1955- Genotypic and phenotypic correlations in soy­
beans and their implications in selection. Agronomy 
Journal 47: 477-483. 
Krober, Orland A. and Cartter, Jackson L. 1962. Quantita­
tive interrelationships of protein and nonprotein 
constituents of soybeans. Crop Science 2: 171-172. 
Kvion, S. H. and Torrie, J. H. 1964. Heritability of and 
interrelationships among traits of two soybean popula­
tions. Crop Science 4: 196-I98. 
Leffel, R. C. and Hanson, W. D. 196I. Early generation 
testing of diallel crosses of soybeans. Crop Science 
1: 169-174. 
Leninger, Lester Norman. 1959. Variability in successive 
backcross generations of oats. Unpublished Ph.D. 
thesis. Ames, Iowa, Library, Iowa State University of 
Science and Technology. 
Malm, N. R. I968. Exotic germplasm use in grain sorghum 
improvement. Crop Science 8: 295-298. 
Marani, A. 1963. Heterosis and combining ability for 
yield and components of yield in a diallel cross of 
two species of cotton. Crop Science 3: 552-555. 
Moll, R. H., Lonnquist, J. H., Portuno, J. Velez, and 
Johnson, E. C. 1965. The relationship of heterosis 
and genetic divergence in maize. Genetics 52: 139-1^ 4. 
Moll, R. H., Salhuana, W. S., and Robinson, H. P. 1962. 
Heterosis and genetic diversity in variety crosses of 
maize. Crop Science 2: 197-198. 
178 
Niehaus, M. H. and Pickett, R. C. 1966. Heterosis and 
combining ability in a diallel cross in Sorghum 
vulgare Pers. Crop Science 6: 33-36. 
Nielsen, E. L., Drolsom, P. N., and Jalal, S. M. I965. 
Evaluation of backcross and self-pollination progenies 
from interspecific hybridization of Bromus. Crop 
Science 5: 339-342. 
Palmer, R. G. and Hadley, H. H. 1968. Interspecific 
hybridization in Glycine, subgenus Leptocyamus. Crop 
Science 8: 557-563. 
Patemiani, E. and Lonnquist, J. H. 1963. Heterosis in 
interracial crosses of corn (Zea mays L. ). Crop 
Science 3: 504-507. 
Peters, Leroy V. and Newell, L. C. 196I. Hybridization 
between divergent types of big bluestem, Andropogon 
gerardi Vitman, and sand bluestem, Andropogon hallii 
Hack. Crop Science 1: 359-363. 
Sakai, K. 1955. Competition in plants and its re la ion 
to selection. Cold Spring Harbor Symposia on Quanti­
tative Biology 20: 137-157. 
Schutz, W. M. and Brim, C. A. 1967. Inter-genotypic 
competition in soybeans. I. Evaluation of effects 
and proposed field plot design. Crop Science 7: 371-
376. 
Schutz, W. M., Brim, C. A., and Usanis, S. A. I968. 
Inter-genotypic competition in plant populations. I. 
Feedback systems with stable equilibria in populations 
of autogamous homozgous lines. Crop Science 8: 6I-66. 
Singh, B. B. aund Hadley, H. H. I968. Maternal control of 
oil synthesis in soybeans. Glycine max (L.) Merr. 
Crop Science 8: 622-625. 
Smith, R. R. and Weber, C. R. 1968. Mass selection by 
specific gravity for protein and oil in soybean popu­
lations. Crop Science 8: 373-377. 
Snedecor, George W. and Cochran, William G. 1967. 
Statistical methods. 6th ed. Ames, Iowa, The Iowa 
State University Press. 
179 
Sriwatanapongse, Sutat and Wilsie, C. P. 1968. Intra-
and intervarlety crosses of Medlcago satlva L. and 
Medlcago falcata L. Crop Science o; 4b5-4b6. 
Stephens, S. G. 1950. The internal mechanism of speciation 
in Gossypium. The Botanical Review l6; 115-149. 
Stephens, S. G. I961. Species differentiation in relation 
to crop improvement. Crop Science 1; 1-5. 
Timothy, David H. 1963. Genetic diversity, heterosis, 
and the use of exotic stocks in maize in Columbia. In 
Hanson, W. D. and Robinson, H. P., eds. Statistical 
Genetics and Plant Breeding. National Academy of 
Science—National Research Council Publication No. 
982; 581-593. 
Wallace, Margaret E. 1959. An experimental test of the 
hypothesis of affinity. Genetica 29: 243-255. 
Weber, C. R. 1967. Hark soybean. It's new! It's goodI 
Iowa Farm Science 21, No. 11: 3-4. 
Weber, C. R. and Moorthy, B. R. 1952. Heritable and non-
heritable relationships and variability of oil content 
and agronomic characters in the Pp generation of soybean 
crosses. Agronomy Journal 44: 202-209. 
Weber, Charles R. 1950. Inheritance and interrelation of 
some agronomic and chemical characters in an interspecific 
cross in soybeans, Glycine max x G. ussurlensIs. Iowa 
Agricultural Experiment Station Bulletin No. 374. 
Weiss, M. G., Weber, C. R., Williams, L. P., and Probst, A. 
H. 1952. Correlation of agronomic characters and 
temperature with seed compositional characters in soy­
beans, as influenced by variety and time of planting. 
Agronomy Journal 44: 289-297. 
Williams, L. P. 1948. Inheritance in a species cross in 
the soybean. Genetics 33; 131-132. 
180 
ACKNOWLEDGEMENTS 
I wish to extend ray gratitude to Dr. W. R. Pehr and 
Dr. R. E. Atkins for their assistance in conducting this 
investigation and for their guidance during my graduate 
study. Their help, advice, and constructive criticism 
have been sincerely appreciated. 
I wish to acknowledge Dr. C. R. Weber for initiating 
the populations used in this study. 
I am grateful to R. C. Clark, L. T. Emplg, D. T. 
Burmood, Sylvia Clanzio, W. J, Russell, and Earl Hafner 
for their assistance in the collection of data. 
I extend appreciation to Dr. J. W. Lambert, University 
of Minnesota, St. Paul, Minnesota, for increasing experi­
mental lines in Chile. I also wish to acknowledge the U.S. 
Regional Soybean Laboratory, Urbana, Illinois, for chemical 
analyses and the Computing Center, Statistical Laboratory, 
Iowa State University, Ames, Iowa, for assistance In the 
analysis of the da-ca. 
